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Prologue 


Aviation is at the heart of world development. Man, with all his physical 
and mental shortcomings, is at the heart of aviation. But just as 
modern life is inconceivable without aviation, aviation cannot exist 
without its weakest link, the human being. The aviation environment, 
however, is hostile to humans. Soon after the first balloon flights 
more than 200 years ago, it became clear that man was unable to 
function and survive at altitude without special protection and sup¬ 
port. With the advent of powered flight more than 100 years ago, the 
need for physiological and medical support became obvious. 
Doctors supporting the military flight operations of World War I real¬ 
ized that selection criteria had to be developed to reduce the high 
number of losses of both aircraft and pilots. Following the Peace 
Conference in Paris in 1919, the first international medical require¬ 
ments for licensing of aviators were agreed upon, and over the ensu¬ 
ing years these international standards have been further developed. 
Since then powered flight has evolved considerably and so has the 
specialty of aviation medicine. The medical standards for licensing of 
pilots, i.e. the medical requirements an applicant must meet to be 
accepted for initial training and which all trained and licensed pilots 
must meet at their regulatory renewal examinations, have always 
been restrictive and conservative. This is an obvious necessity. The 
purpose of the requirements is to maintain and secure the high level 
of safety that characterizes modern aviation — a goal that leaves little 
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room for experimenting with or relaxing the requirements. However, 
many medical conditions that were considered permanently disqualify¬ 
ing in the past are now allowed as a result of continuous improvement 
in our understanding of the physiology of flight, the evolution of 
evidence-based medicine, and the vast technical advances of recent 
years in diagnosis and treatment. 

All medical standards have three different aspects that always must 
be considered together. The first is the requirement per se, 
e.g., epilepsy entails unfitness for all classes of medical certification, or 
blood pressure shall be within normal limits. The second aspect is the 
method or methods traditionally employed or sometimes prescribed by 
the Licensing Authority for carrying out the examination. The third 
aspect is the definitions applied to the requirements. For example, how 
is epilepsy defined or what are the normal limits for arterial tension? 
Although most countries have accepted the international standards and 
recommended practices developed and continually updated by the 
International Civil Aviation Organization (ICAO), there are still signifi¬ 
cant differences from one country to another pertaining to the methods 
of examination. Examining the visual fields of a pilot by confronta¬ 
tional testing with finger movements compared to examining by auto¬ 
mated, computerized perimetry provides results on very different levels 
of reliability. The use of different methods of examination vary from 
country to country is hardly a surprise; different countries have differ¬ 
ent cultures, different socio-economical conditions, different preva¬ 
lences of many diseases, different medical traditions, and different 
attitudes to the relevance of safety precautions. 

Modern civil aviation, however, is international. A modern 
airliner has the same needs and demands for ground support wher¬ 
ever it happens to be in the world. Almost 200 countries are currently 
connected with each other by regular commercial flights and none 
can afford to reject the international community and refuse to provide 
the infrastructure necessary to ensure the safety of aviation. All sig¬ 
natories to the Convention on International Civil Aviation ("Chicago 
Convention") of 1944, currently totaling 191 countries, have under¬ 
taken to collaborate in securing the highest practicable degree 
of uniformity in relation to aircraft, aviation personnel, licensing 



Prologue 


procedures, etc., including medical certification of pilots and air traf¬ 
fic controllers. Even so, there are still significant differences regard¬ 
ing national approaches to aeromedical certification. To some extent, 
these differences are related to the influence that military aviation 
medicine has had upon civil aviation medicine. Also relevant is the 
comparative level of development that aviation medicine (as a med¬ 
ical specialty) has reached in different countries. While in some 
countries aviation medicine was a highly-developed medical spe¬ 
cialty even before World War II, in other countries aviation medicine 
is only beginning to establish itself as a recognized specialty. 

Most countries have agreed on the need to implement medical 
requirements for aviation personnel and have adopted the ICAO 
International Medical Standards and Recommended Practices or 
developed their own medical standards in accordance with the ICAO 
provisions. The next step towards uniformity in medical certification 
must be to help medical examiners and medical assessors worldwide 
adopt similar methods of examination and similar definitions of 
diseases and disorders. In particular, agreement on definitions and 
similar interpretation of the signs and symptoms of diseases and 
disorders are required if global harmonization in aeromedical certifi¬ 
cation is to be achieved. 

This book contains detailed, experience-based, practical knowl¬ 
edge written to assist aviation medical examiners (AMEs) and other 
clinicians, as well as medical assessors of the Licensing Authorities, in 
the often confusing world of medical treatment and aeromedical 
evaluation of safety-critical aviation personnel such as pilots, cabin 
crew members, and air traffic controllers. In addition, it provides med¬ 
ical guidelines for physicians who have patients with medical condi¬ 
tions who wish to travel by air. This book is written by AMEs and 
clinicians from a wide range of medical specialties that are important 
to the field of aviation medicine. It initially began as a reference book 
for German physicians who may or may not be AMEs, yet who are 
involved in the health care of pilots. It has expanded to this current 
English version to address an international audience in order to pro¬ 
vide guidance and advice to colleagues in the practice of clinical avi¬ 
ation medicine. Considering the European background of the authors, 
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this book represents European points of view and international or 
European criteria regarding the determination of fitness for duty 
among civil aviation personnel. It is, nonetheless, an excellent and 
detailed international guide for medical practitioners in all parts of the 
world who deal with aircrew members and airline passengers. 

Aviation medicine is a scientific discipline that involves the study 
of the physiological, psychological, operational, and environmental 
factors that determine the adaptive responses of a human being 
during flight. With regard to flight crews, the focus is different from 
that of the "conventional" clinical specialties which primarily deal 
with abnormal physiology within a normal environment, as it is con¬ 
cerned with normal physiology within an abnormal environment. 
With regard to passengers, however, conventional and aviation medi¬ 
cine intersect because at times abnormal physiology may be placed 
within an abnormal environment. This is also the case when it comes 
to determining exactly to what degree, i.e., with what limitations or 
restrictions or under what conditions, a pilot with a medical disorder 
may be able to perform his duties without endangering flight safety. 
It is to this highly specialized field of clinical aviation medicine that 
most chapters of the book are dedicated. 

Flying represents a hostile environment that imposes a variety of 
physical, physiological, and psychological demands on human 
beings who are not genetically adapted to function in such an envi¬ 
ronment. Promoting the health and well being of aviation personnel 
worldwide is essential for the safety of all flight operations in civil 
aviation. It is also very important to recognize the potential conse¬ 
quences that the flight environment can have on those individuals 
who have pre-existing medical conditions and wish to travel by air or 
are required to be transported or medically evacuated by aircraft. 
Therefore, medical practitioners must possess basic knowledge of 
aviation physiology and medicine in order to make appropriate decisions 
concerning medical certification of pilots and other flight personnel. 
Such knowledge is also essential in making the correct decisions 
concerning the safe medical transport of diseased passengers aboard 
commercial aircraft or the medical transport (elective or emergency) 
of patients by air ambulance. 
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IX 


Most university programs that train medical professionals do not 
include instruction in the basic principles of aviation physiology or 
medicine. Some countries offer basic and advanced post-graduate 
training in aviation medicine, but very few offer formal residency pro¬ 
grams (specialty) in aviation medicine. Therefore, this book will bene¬ 
fit medical practitioners in many countries that do not have national 
access to post-graduate training in aviation medicine. It will also be a 
good source of clinical, aeromedical knowledge for those who are 
enrolled in post-graduate training programs in aviation medicine. 

Any professional publication that contributes to our existing 
body of knowledge in aviation medicine is very welcome since 
there are not many up-to-date publications that specifically address 
the clinical aspects of aviation medicine. Therefore, this book repre¬ 
sents an important addition to the international literature on aviation 
medicine in general, and to its clinical aspects in particular. 

The contributing authors' knowledge of aviation medicine, 
significant clinical experiences, and international professional recog¬ 
nition among colleagues make this book an excellent addition to any 
aviation medicine practitioner's personal library. 


Dr. Melchor Joaqufn Antunano 
Director, Civil Aerospace Medical Institute — 
Federal Aviation Administration 

Past-President and Fellow, 
Aerospace Medical Association 

Past-President, Space Medicine Society 

Past-President, Iberoamerican 
Association of Aerospace Medicine 

Member and Chancellor of the International 
Academy of Aviation and Space Medicine 

Member of the International Academy of Astronautics 

FHonorary Member of the Colombian, Greek, 
Brazilian, Mexican, Slovenian and Turkish 
Aerospace Medicine Societies 
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Aviation medicine is a medical specialty which combines aspects of 
preventive, occupational, environmental and clinical medicine with 
the physiology and psychology of man in flight. It is concerned with 
the health and safety of those who fly, both crew and passengers, as 
well as the selection and performance of those who hold aviation 
licences. 

This book provides practice-oriented information on evaluation 
of fitness to fly and medical certification of those who want to 
acquire or maintain an aviation licence. The focus is on uniform 
methods of examination and assessment of pilots, both professional 
and private, cabin crew members, and air traffic controllers. In order 
to increase the book's clarity and usefulness for practical application, 
common diseases and disorders are discussed; those rarely encoun¬ 
tered in aviation medicine practice are excluded. 

A symbolic summary of this book is depicted on the cover by the 
"aeromedical homunculus." As the area of anatomical representation 
increases with the complexity of the sensory-motor function, the 
sensory-motor homunculus represents the connection between dif¬ 
ferent body parts and the corresponding areas in the hemispheres of 
the brain. The body on the left side is the motor homunculus, lying 
in front of the central sulcus (CS) of the brain. The bigger the body 
parts in this picture are, the more brainpower is required to control 
them. The body half on the right is the sensory homunculus, lying 
behind the CS. It is similar to the motor homunculus except that it 
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depicts how much brain power is dedicated to receiving sensory 
input from the different body parts. By analogy, the "aeromedical 
homunculus" in the middle has organs whose relative size symbol¬ 
izes their aeromedical significance. The dominance of the heart (and 
therefore of aviation cardiology) makes an extracorporeal depiction 
necessary. The importance of the eyes and ears (and therefore of 
aviation ophthalmology and otology) leaves hardly any room for the 
brain, which — being the most important of all organs — has been 
moved to the front and given its own, separate space. The gap where 
the liver should have been alludes to the easily overlooked exoge¬ 
nous and toxic risks. 

The different sizes of the organs of the "aeromedical homuncu¬ 
lus" are also correlated to the selection of medical topics and the 
degree of detail and comprehensiveness with which they are treated 
in the various chapters of the book. 

Regarding the significance of clinical aviation medicine, one 
should not overlook the fact that aviation incidents and accidents 
have remained relatively constant in recent decades, with human 
factors causing or contributing to about 80 percent. This gives 
emphasis to the importance of aviation psychology. The criteria for 
mental fitness and psychological testing as well as the significance of 
crew coordination and cockpit resource management are described. 
A separate chapter deals with the less understood and often under¬ 
estimated influence of psycho-social stressors. Through disruption of 
the man-machine interface, the problems of daily life may become a 
threat to aviation safety. Consequences of head injuries or diseases 
affecting the brain are sometimes overlooked as licence holders con¬ 
struct facades to hide their loss of flying skills. This is discussed in 
depth in a chapter on the relevant neuro-psychological conditions 
and disorders. 

An aeromedical book intended for an international readership 
constantly collides with transcultural issues. In order to minimize the 
risk inherent in all aviation activities, international regulations (ICAO 
International Standards and Recommended Practices, SARPs) have 
been developed and agreed to by virtually all countries in the world. 
In this context, it is surprising that aviation medicine still exhibits 
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a large degree of international variation. Each country issues its own 
aeromedical requirements in accordance with, but not necessarily 
identical with, the international SARPs of ICAO, but each country has 
it own aeromedical traditions and a national understanding of the 
medical problems involved in flying. Even the nomenclature of med¬ 
ical certification is not uniform, e.g. FAA Class 3 medical certification 
corresponds to JAA Class 2. In addition, there are still national dif¬ 
ferences with regard to the retirement age for commercial pilots, 
although the international age limit of 65 years is gaining global 
acceptance. 

The editors are proud to have succeeded in acquiring the co¬ 
operation and contributions of several of the leading experts from the 
various fields of operational aviation medicine. The majority of these 
experts have for years been engaged in both the clinical and the 
regulatory aspects of aviation medicine in their capacity as members 
of the Aviation Medicine Committee of the Federal Minister of 
Transportation. 

The physiological basis for aviation medicine, outlined by two 
eminent experts, provides the basic theoretical foundation for the 
following clinical sections. 

A chapter on the history of aviation medicine gives the interested 
reader a stimulating insight into the methodological development of 
a very specialized field of medicine which, in the words of Dr. Silvio 
Finkelstein, former Chief of Aviation Medicine Section of ICAO is 
"invisible but essential." 

In addition to the International Standards and Recommended 
Practices of ICAO, the JAR-FCL 3 medical requirements as well as the 
FAA rules for licensing are described. 

Finally, a chapter on passenger health, written by Dr. Petra lllig, has 
been added. It deals with several aspects of aviation medicine of impor¬ 
tance not only for those who practise aviation medicine but for all med¬ 
ical practitioners who in their daily practice meet people who fly. 

Claus Curdt-Christiansen 
Jorg Drager 
Jiirgen Kriebel 
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Chapter 1 


The History and Development 
of Aviation Medicine 


Viktor Harsch* 


The development of aviation medicine can only be understood in the 
context of the scientific advances and technical innovations that made 
flying possible, with balloons in the 18th century, with gliders in the 
19th century, and with powered aircraft in the 20th century. The fore¬ 
runner of aviation medicine was the study of high mountain physiol¬ 
ogy. The Jesuit priest J. A. de Acosta described the hypoxia symptoms 
he experienced during his stay in the Andes in the 16th century and 
thereby coined the term "mountain sickness." Chinese tradesmen also 
suffered from the symptoms of mountain sickness on their journeys 
through the Hindukush and the Karakorum mountains and reported 
these 1600 years before de Acosta did so in 1590. 1-3 Evangelista 
Torricelli (1608-1647) made an important contribution to altitude 
physiology with the development of the mercury barometer in 1643. 
Additionally, he coined the term "air-pressure" and was the first to 
perform animal experiments under negative pressure conditions. 

Otto von Guericke (1602-1686) developed the air pump in 1650 
and was thereby the first person to create a "vacuum" (1654). Only a 
few years later, in 1659, Robert Boyle (1627-1691) constructed an air 
pump. With the help of his colleague Robert Hooke (1635-1 703), he 
operated the prototype of a vacuum chamber in 1677 (Fig. 1). By 

a Paul Bert, 1878, includes 264 references about mountain sickness. 10 
* Joseph-Haydn-Weg 5, Neubrandenburg, Germany. 
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Figure 1. First altitude chamber used by Robert Hooke in 1677. In: Gazenko, 1987. 


means of a self-experiment, he was able to form the first conclusions 
about altitude physiology after spending 15 minutes in the vacuum 
chamber at an equivalent altitude of about 2400 m (7875 ft). Another 
significant contribution was presented by Joseph Priestley (1733-1804), 
who discovered oxygen in 1 774. Antoine Lavoisier (1 743-1 794) shortly 
afterwards recognized its meaning for oxidation. 2,4-6 By now, 
the fundamental knowledge for the understanding of altitude physi¬ 
ology had been established. 

On November 1, 1783 the first manned flight took place when the 
French physicist Jean Francois Pilatre de Rozier (1 756-1 785) and the 
officer Frangois Laurent, Marquis d'Arlandes (1742-1809) undertook 
an ascent with a balloon, built by the Montgolfier brothers, reaching 
an altitude of 2700 feet (900 m). This date is known as the day aviation 
was born, de Rozier entered the annals again only two years after his 
first flight, but this time as the first victim of an aviation accident. In 
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Figure 2. First flight-surgeon John Jeffries (1 745-1819). In: Crough, 1 983. 


1 785 the Frenchman Jean Pierre Frangois Blanchard (1 753-1809) and 
the American physician John Jeffries (1745-1819) crossed the British 
Channel in a balloon (Fig. 2), carrying out meteorological experiments. 
The development of the hydrogen balloon by the French physicist 
Jacques Alexandre Cesar Charles (1 746-1823) allowed greater heights 
to be reached, which raised serious medical problems: during his first 
ascent on December 1, 1783 Charles reached a height of over 8200 
feet (2700 m) and in doing so experienced ear pain caused by the pres¬ 
sure change, hypothermia and the symptoms of mild hypoxia. 3,6,7 

In 1803, close to FHamburg in Germany, the French physicist, 
magician and balloonist Etienne-Gaspar Robert, better known 
as "Robertson," together with M. Lhoest reached a height of over 
21 000 feet (7000 m) and reported a general apathy and an acceler¬ 
ation of the pulse 8 : "Our chest seemed expanded and lacked 
resilience, my pulse was hurried; that of M. Lhoest was less so; like 
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mine, his lips were swollen, his eyes bloodshot; all the veins were 
rounded out and stood up in relief on my hands. The blood 
had rushed to my head so much that I noticed that my hat seemed 
too small." b 

During the ascent by the Italians Andreoli, Brasette and 
Zambeccary in 1804 up to an altitude of more than 18 000 feet 
(6000 m), the limit of endurance for further altitude ascents became 
evident: the aeronauts suffered from frostbites in the upper and lower 
extremities, nausea and dizziness. However, all of them survived this 
adventure into the heights. Just over half a century hereafter, on 
September 5, 1862, the ascent of "Zenith" took the English scientists 
James Glaisher (1809-1903) and Henry Tracey Coxwell (1819-1900) 
within just under an hour to a height of over 26 800 feet (8800 m). 
They, too, fainted. Already at a height of 1 7 200 feet (5640 m) they 
noticed tachycardia, difficulties in breathing, and palpitation. Their 
lips and hands became cyanotic and they experienced difficulties in 
reading their instruments. 3000 feet (1000 m) higher, Glaisher felt 
clearly "seasick," and at 26 500 feet (8700 m) they were overpow¬ 
ered by exhaustion and slackness. 1-3,8,9 A scientific dealing with the 
most urgent high altitude physiological questions was therefore a 
condition sine qua non. 

In his laboratory, the French physiologist Paul Bert (1830-1886) 
undertook a comprehensive investigation of the physiological effects 
of air-pressure, often using himself as a subject. His experiments laid 
the foundation for modern altitude physiology and explained the 
causes of altitude and decompression sickness: His publication "La 
pression barometrique; recherches de physiologie experimentale" 
(1878) was a milestone, not just in the area of altitude physiology but 
also of experimental medicine in a broad sense. Bert used the alti¬ 
tude chamber in order to establish the physiological effect of pressure 
change and collected experimental results up to an altitude of 8800 m. 
This chamber was also used by the balloonists Joseph E. Croce- 
Spinelli (1843-1875) and H. Theodore Sivel (1834-1875) for prepara¬ 
tion of their altitude ascents (Fig. 3). In this connection they recognized 


b Citation after P. Bert, 1878: 175. 
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Figure 3. Ascent of H. T. Sivel and J. E. Croce Spinel I i on March 22, 1874. In: Paris, 
Bibl. des Arts decoratifs. 

the advantage of extra oxygen at high altitude; nevertheless, on April 15, 
1875, a tragic incident occurred: despite Bert's warning that they were 
carrying an insufficient supply of oxygen, together with the meteorol¬ 
ogist Gaston Tissandier (1843-1899) they conducted a balloon ascent 
from Paris up to over 8000 m (26 250 ft); only Tissandier survived. 11 

On July 31, 1901, in Berlin, the meteorologists Arthur Berson 
(1859-1943) and Reinhard Siiring reached a height of 32 000 feet 
(10 500 m) with their balloon "Preussen." While Suring lost con¬ 
sciousness at this altitude, Berson was able to start the lifesaving 
descent. After the landing both scientists reported that after using 
extra oxygen, the difficulties in breathing and the feeling of fear 
ceased; however, a leaden fatigue, exhaustion, a weakness to the 
stomach and, to a lesser degree, a headache continued. In fact, 
oxygen was provided through glass-tube mouthpieces instead of the 
recommended face-fitting oxygen masks. 10,11 
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This advance into the stratosphere heralded a new chapter in alti¬ 
tude physiology: stratosphere ascents. The results were especially 
valuable for the development of aviation and space medicine. As 
early as 1905, aviation physiologists Nathan Zuntz (Berlin) and his 
colleague Hermann von Schrotter (Vienna) not only suggested the 
use of face-fitting breathing masks (Fig. 4) to reach greater heights, 
but also the employment of a hermetically sealed cabin. 1213 The 
Swiss physicist Auguste Piccard (1884-1962) successfully applied 
this principle in cooperation with Paul Kipfer when they reached a 
height of 48 132 feet (15 781 m) at an ascent from Augsburg on May 
27, 1931 (employing liquid and pressurized oxygen, as well as car¬ 
bonic acid absorption). In 1933, Russian aeronauts reached a height 
of about 58 000 feet (19 000 m) in a sealed cabin. The Explorer II 



SauerftoffausruftuiiB fur $>od)fai)rtcn. 
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®e»tU. c 3nbalt*meHer. « 3>wd)lafjaujeifl<r, k ftcgutitridiraube. b SlbFteU* 
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Figure 4. Aeronaut with respirator in 1908. In: Flemming, 1909. 
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ascended up to over 67 000 feet (22 000 m) in the 1930's in the 
USA. 7,8 US aviation physician David G. Simons set another milestone 
in 1957, when he reached a height of about 94 500 feet (31 000 m) 
as part of the US Man-High-ll program in preparation for space 
travel. 7,11,14 

Technical progress demanded, as demonstrated in the example of 
the stratosphere ascent, a solution of the medical problems it created. 
Physiological research at high mountain camps and expeditions pro¬ 
vided the necessary preparatory work for aviation medicine 
(Kronecker, Zuntz, Loewy, Barcroft, Schneider, Haldane, Douglas, 
Grollmann, Hartmann and others). Berlin physiologist Nathan Zuntz 
(1847-1920) had been occupied for years with altitude physiological 
questions in his "pneumatic cabinet," a therapeutically used altitude 
chamber in a Berlin hospital. His laboratory supported work was 
complemented by high mountain expeditions as well as practical 
flight experience. In 1910 he undertook an expedition to Tenerife 
together with Durig, von Schrotter, Barcroft (Cambridge) and Douglas 
(Oxford). 15 Zuntz' fundamental treatise "Zur Physiologie und 
Hygiene der Luftfahrt" (About Aviation Physiology and Hygiene) was 
published in 1912. In the same year von Schrotter published his trea¬ 
tise " Hygiene in Aeronautik und Aviatik" (Hygiene in Aeronautics 
and Aviation). With their treatises both of them created an awareness 
of aviation medical tasks. 1,12,13,16 

Scientific and technical advances have always been put to use by 
the military. For example, the foundation in 1881 of the "German 
Association for the Promotion of Airship Travel" (Deutscher Verein 
zur Forderung der Luftschiffahrt) — the first of its kind worldwide — 
was followed by the opening of the first Prussian airship battalion in 
1884. Of special medical interest is the account by medical officer 
Dr. Flemming, who reported on several sudden deaths caused by 
arsenic oxygen (composed of sulphuric acid and iron swarfs) in 
personnel working in the balloon shed or operating the hydrogen 
generators in the open: (12:1 73): "In many cases the nausea and the 
headache were slight so that some of the critically poisoned 
remained on duty for several hours before reporting sick. Only later 
did they experience a slight difficulty in breathing, they felt dizzy and 
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noticed a tingling feeling in the skin or the sensation that their 
extremities had gone to sleep. Under the moderate appearance of 
fever the body became sensitive to pressure and soon followed a 
nearly unappeasable vomiting of a yellow-green-black substance 
which only stopped with the increase of exhaustion shortly before 
death." Nathan Zuntz dedicated an entire treatise to the influence of 
balloon gases on the state of health of the aeronaut, paying special 
attention to carbon monoxide poisoning. For the resuscitation of the 
poisoned persons, Zuntz propagated the methods of artificial respi¬ 
ration after Hall and Silvester, if necessary with the aid of inhalation 
masks and the use of oxygen (Fig. 5). 13 

The development of aircraft "heavier than air" is inseparably con¬ 
nected with the name of the German engineer and air pioneer Otto 
Lilienthal (1848-1896). c His extensive experimental foundations 



Figure 5. Pulmonary resuscitation after the method of Silvester (picture shows 
expiration). In: Zuntz, 1912. 


c To mention all those who have been concerned with the development of aviation 
would go far beyond the scope of this chapter. Albrecht Ludwig Berblinger (1770-1829) 
could be mentioned as a representative. Known as the "Tailor of Ulm," he planned to 
cross the Danube River with a flight apparatus, designed by the Vienna watchmaker 
Jacob Degen; however, because of an unexpected fast descent into the water, he 
demonstrated little more than the limits of the technological capabilities of his time. 


The History and Development of Aviation Medicine 


11 


were followed by the first glider flights in Drewitz in 1 891. In 1 896 
Lilienthal became the victim of a flight accident in one of his own 
self-built glider-aircraft. He paved the way for the first motorized 
flight by the American brothers Wilbur and Orville Wright in 
December 1903. By the means of serial production of their aircraft, 
they made aviation available for a greater circle of people. 
Worldwide, the military also became more and more interested in 
aviation development: war catalysed the development, which fur¬ 
thered the work in aviation medicine. The employment of aircraft at 
high altitudes, like zeppelins and Gotha-bombers at the beginning of 
World War I, exposed the crews to hypoxia, hypothermia and 
fatigue, and demanded efforts from the medical-psychological, the 
technical and the military tactical side to protect the aviators. Besides 
altitude physiological questions, to which it became more and more 
urgent to find answers with the increasing altitude of the aircraft, also 
the acceleration and sensory physiology became important fields of 
aeromedical research. Other areas of increasing importance were the 
assessment of fitness of the aviators, the practical applications of avi¬ 
ation hygiene and occupational health and, last but not least, how 
best to use the knowledge gained from aviation accidents. 11 

During the record ascent of G. Linnekogel on December 27th, 1913 
a continuous-flow regulator was used. During exhalation the incoming 
oxygen was collected into a breathing bag and could therefore be fed 
in higher concentration during the inhalation phase. The required addi¬ 
tional breathing volume, however, was taken from the ambient air, 


Table 1. Evolution of Flight Altitudes of Airplanes 


Year 

Country 

Name of Pilot 

Altitude in meters 

Use of Oxygen 

1909 

France 

Latham 

410 

no 

1910 

USA 

Drexel 

2.050 

no 

1911 

France 

Garros 

3.910 

no 

1913 

Germany 

Linnekogel 

6.120 

yes 

1920 

Germany 

Schroeder 

10.000 

yes 

1929 

Germany 

von Neuenhofen 

12.700 

yes 

1938 

Italy 

Pezzi 

17.000 

yes (pressure) 
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which was the major disadvantage of this method. The continuous-flow 
procedure has an altitude limit, but is still used for emergency oxygen 
supply in commercial aeroplanes in case of rapid decompression. In 
Germany, demand regulators came into use in the mid 1930's, allowing 
greater heights to be reached. At lower altitudes, the outside air could 
be mixed with oxygen, resulting in better economy with the oxygen 
supplies carried along. Higher up, pure oxygen was supplied but only 
during the inhalation phase. This way, the oxygen requirements were 
reduced, while the aeronaut was supplied with oxygen according to his 
needs at various altitudes. With the use of a demand regulator, W. von 
Neuenhofen reached a height of 12 739 m (41 795 ft) on May 26th, 
1929 in a Junkers W 34. For ascents above this limit, either pressure 
devices with close-fitting breathing masks or pressurized cabins and 
pressure suits are necessary. Later on portable breathing devices were 
built, which operated on demand or with continuous flow; they were 
employed for high altitude gliders and parachute jumpers. 11,17 

With the growth of aviation at the beginning of the 20th century, the 
rapid increase of aviation accidents was unavoidable. In Germany 
alone, 42 fatal accidents occurred between 1908 and 1912. Every 13th 
aeronaut in France died within a period of six months in 1911. The fre¬ 
quency of accidents was mainly attributed to the insufficient medical 
selection and care of the pilots. However, opinions varied 18 : "One of 
our most successful pilots expressed the opinion that 80% of all acci¬ 
dents happened because of mechanical failures. Another blamed solely 
the panic of the pilots (!) for all of the accidents. A third aeronaut per¬ 
ceived the danger to be gliding and demanded the descent to be as ver¬ 
tical as possible. A fourth person blamed the innate clumsiness of the 
pilots for a third of all accidents. The majority confessed that the feeling 
of loneliness described by me attacked them as often as a suddenly 
appearing somnolence." This example demonstrates how differently the 
importance of the "human factor" has been judged in connection with 
the occurrence of aviation accidents. Technical improvements and min¬ 
imum requirements for the medical fitness of the pilots should counter¬ 
act this development. Ernst Koschei from the Medical Committee of the 
Scientific Society for Aviation Technology (Medizinischer Ausschuss der 
Wissens-chaftlichen Gesellschaft fur Flugtechnik (WGF)) presented 
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extensive guidelines for pilot selection in Germany on June 5, 1913, 
whose introduction into practical aviation, however, was prevented by 
the war. On the other hand, the military requirements for pilots were 
raised during the course of the war 19 ~ 21 : 

"The enemy's planes were equipped with guns so quickly that our 
pilots, unable to do the same, could no longer defend themselves. 

The enemy's defensive weapons were improved, their number of 
pilots grew more and more, just like the number of tasks for 
our observers. First he had to operate the heavy aerial camera in the 
growing headwind, to suffer more and more from the cold in the 
faster aeroplanes and at increasing altitude, then he had to drop 
the heavy air-raid bombs with his bare hands, and then he had to oper¬ 
ate the machine gun, turn the heavy rotating assembly, remove jams 
in strong headwind and install the new drum, and finally he had to 
operate the RT device. During all this he had the responsibility for 
navigation and the success of the mission." 

This rapidly advancing technological development with more 
and more strenuous demands on the aviation personnel had a nega¬ 
tive influence on the accident rate. The high number of pilots who 
were lost during the first years of the war was considered a conse¬ 
quence of insufficient selection. Losses due to technical failure or 
enemy action played a relatively subordinate role. When the number 
of pilots who became unfit for flying because of medical conditions 
grew more and more, strict examination guidelines were developed 
for the German air force troops in October 1915; it contained the 
following demands (26:12) d : 

1. Heart, kidneys and lungs absolutely healthy. 

2. Eyes and ears fine. Pilot students who constantly wear glasses will 
not be taken on any more; those already taken on will remain. 


d In the USA, the U.S. War Department released as early as in 1912 guidelines for 
the selection of pilots candidates. Beside vision and hearing, the cardiovascular and 
breathing systems were examined. 1 
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Apart from this: at least 5/7 of normal eyesight; when on the right 
only 1/2 eyesight, then on the left 1/1, or reverse. With glasses in 
all cases full eyesight and only corrected with regular glasses. 

3. Tight, elastic muscular system. 

4. Healthy nervous system, no persons who have suffered a nervous 
breakdown or brain symptoms; no alcoholics and syphilists. 

5. In general not under 19 and not over 35 years of age. However, 
decisive are firstly flexibility and moral qualities. 

In 1916, the Chief of the German Army Field Flight Corps (Chef des 
Feldflugwesens) created a department of aviation medicine, of which 
he put Koschei in charge, and introduced a multistaged medical exam¬ 
ination of the applicants before the training began. By means of a thor¬ 
ough examination of the sense organs, the central nervous system, and 
the respiratory and circulation systems by a body of medical special¬ 
ists as well as employing aviation psychological principles, he 
planned not only to assess the fitness to fly, but also to lower the 
number of pilots dismissed during training, which lay at about a third 
of all trainees. 11,21 A parallel development could be observed in other 
aviation nations. In 1916, a Special Royal Flying Corps Medical 
Board was founded, which mainly dealt with the medical require¬ 
ments for pilots. The focus of the examination was on the assessment 
of the cardiovascular capacity and the capacity to endure at altitude 
with the "rebreather-bag." In addition, examination of the eyes, the 
sense of balance and the respiratory tract were included. 

The following year, an Air Board Research Committee (Medical) 
was established to coordinate aviation medical work and research. 22,23 
In France, the main focus of the psychophysical test was on the 
excitability of the test subjects, while in Italy it was on their time of 
reaction. 9,22 In the USA, the Medical Research Board of the US Air 
Force was established in 1917 in Hazelhurst Field, Mineola, Long 
Island (New York). It was among other things entrusted with the com¬ 
pilation of suitability guidelines, besides with the following 24 : 

— Research of all those factors which influence the capacity of the 
pilot 
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— Examination of the psychophysical capacity of pilots at altitude 

— Oxygen supply for the pilots at altitude 

— Creation of a database concerning all questions in connection 
with the bodily fitness of pilots 

The research laboratory with training facilities for flight surgeons 
(Medical Research Laboratory and School for Flight Surgeons of the 
Air Service, Signal Corps of US Army (ASMRL)), which was founded 
in Hazelhurst, New York in 191 8, was already equipped with an alti¬ 
tude chamber. From this facility sprang the School of Aviation 
Medicine (SAM) in 1922. The school was moved to Brooks Field near 
San Antonio, Texas four years later. Looking back on a long tradition 
as the most renowned facility in this field worldwide, it is now known 
as the USAF School of Aerospace Medicine. From the beginning this 
school trained the new generation of flight surgeons, and it was here 
aviation personnel and pilot candidates were assessed and attended 
to by aeromedical specialists. The aim was that the flight surgeon 
should practice his profession directly within the environment of the 
aviators and that he also should possess flying experience himself. 
The first flight surgeon graduated from this institution in May 1918. 
The following were conveyed during a training period of four months 
(Ref. 24) e : 

— The organization and administration of the Medical Department 
as related to the special requirements of the Air Corps 

— The principles and technique of physical examination of candi¬ 
dates for flying, training, and testing of fliers, including the use of 
special equipment required in conducting such examinations 

— The application of tests for physical efficiency 

— The physical care of fliers 


e In continuation of this course, a connection to the training institution was main¬ 
tained for two years in the form of a correspondence course, followed by a six week 
period of practical training at the SAM. Apart from this basic course, further educa¬ 
tion was offered at the school. In the 1950's a three year residency training was 
founded, which is a specialist physician training program. 
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Figure 6. Examination of performance of airmen at high altitudes at the Institute for 
Medical Research in the Field of Aviation in Hamburg-Eppendorf. In: Harsch, 2003. 


— Medical specialties as related to aviation, including neuropsychia¬ 
try, physiology, ophthalmology, otology, psychology and cardiology. 

The civilian side as well was occupied more and more with 
selection criteria for pilots. The flight surgeon Louis Hopewell Bauer 
(1888-1964), the first head of the School of Aviation Medicine, 
released the first civil medical selection criteria in the USA in 
December 1926; these are, in their fundamentals, still valid. In 1929, 
the Aeromedical Association was founded in the USA; it is today the 
most renowned aviation medical society worldwide. Bauer was 
elected its first president. 17,19,25 

Practical aspects of aviation medicine were also being pursued in 
Europe. In 1928, at the Wurzburg university, the physiologist Hubertus 
Strughold (1898-1986) held the first aviation medical lecture, which 
was complemented by experimental flights with interested students. 
At this university, Heinz von Diringshofen (1900-1967) started his 
application orientated acceleration physiological experiments. 
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Inspired by the transatlantic flight by Charles Lindbergh in 1927, 
Ludolph Brauer 26 (1865-1951) founded an institute for medical 
research in the field of aviation (Institut fur medizinische Forschung 
auf dem Cebiet der Luftfahrt) in FHamburg. FHere both aviation med¬ 
ical research and the processing of application related questions of 
altitude physiology were conducted. Students were trained in avia¬ 
tion medicine, pilots and pilot candidates were examined for their fit¬ 
ness to fly, and "physiological training" was offered for aviators and 
extreme-mountaineers. 26 

In 1928 the Berlin flight physician Ernst Gillert executed a simu¬ 
lated ascent in the altitude-chamber of DVL in Berlin-Adlershof, up 
to a height of 14 300 m (46 915 ft), in which he fainted 27 (Fig. 7). 
The need for a pressurized cabin — as that first installed in the 
Junkers Ju 49 in 1929 — or a pressure-suit was realized for flights 
within the stratosphere. Nonetheless, the first operational jet and 
rocket-plane, the Messerschmitt Me-262 "Schwalbe" and the Me 163 
"Komet" were not equipped with a pressurized cabin; furthermore, 
operational pressure suits were not available for their pilots. 
FHowever, hypoxia-symptoms were not reported, as the time of 
ascent, at altitude and descent at critical altitudes were shorter than 
the "Zeitreserve" (time reserve, i.e., time of useful consciousness — 
TUC). 11 While the development of protective suits, in spite of the prom¬ 
ising work of Klanke and Tietze, did not produce operational usable 
pressure suits, the US pilot Wiley Post (1898-1935) did achieve 
a breakthrough of pressurized suits when using the first functional 
one in 1934. Among his other achievements are several aviation 
records in the 1930's and, moreover, this monocular aviation pioneer 
is known as the discoverer of the jetstream. 11,28 

Due to the increasing altitudes reached by modern aircraft, alti¬ 
tude physiology remained the focal point of aviation medicine up to 
the 1940's. Of special interest in this connection was the effect of 
acclimatisation and whether the airman was 'altitude proof/ Altitude 
physiologist Flans FHartmann was in charge of an expedition into the 
FHimalayas in 1931, where significant observations were made. In 
altitude physiological research facilities, like the Mosso-lnstitute, sit¬ 
uated at a height of 3000 m on the Monte Rosa, and at the facility on 
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Figure 7. Self-experiment by Dr. E. Gillert in the DVL-altitude chamber up to 
14 300 m in 1928. In: Harsch, 2002. 


the Jungfraujoch, at a height of 3400 m, lengthy studies were con¬ 
ducted, which methodically were not possible in this form in an alti¬ 
tude chamber. In England, for example, J. Barcroft conducted altitude 
physiological studies on the effect of hypoxia and acclimatisation 
during high-mountain expeditions to Mt. Everest and into the Andes. 
Furthermore, in training examinations on the German side near the 
front in the 1940's, transportable examination devices for altitude 
effects after Bruno Muller (1912-1997) were put to use. A mixture of 
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oxygen and nitrogen was employed, which, with an oxygen concen¬ 
tration of 7%, simulated a height of 7500 m (24 600 ft) through a 
technically simple and safe procedure. The aim was primarily to 
acquaint the test subjects with the subjective warning signals of 
hypoxia in order to prevent aviation accidents — this is also today an 
important part of the physiological training worldwide. Furthermore, 
the time reserves (TUC) were determined for the assessment of the 
altitude threshold; this was mainly done by use of the writing test 
after Lottig 29 (Fig. 8). 

In civilian as in military aviation, and here especially in amateur 
flying, the role of altitude physiology was becoming more and more 
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Figure 8. Altitude writing test after Lottig. In: Muller, 1967. 
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important. The first glide without loss of height succeeded in the 
landscape of the Rhon in 1916. It was also here the first gliding com¬ 
petition took place in 1920. With the Olympic motto "citius, altius, for¬ 
tius" (faster, higher, stronger), more and more records were established, 
which took the glider pilots to their psycho-physical limits: in 1940 the 
stratosphere was reached for the first time with a "Kranich" soaring 
plane (11 400 m ~ 37400 ft). The admission of gliding into the 
Olympic Games in Helsinki was planned for the same year, however 
the war prevented this from happening. Since then, with ultra-light 
flying, hang gliding, paragliding and parachute jumps, many people 
have found new, although sometimes also dangerous, kinds of sport 
activities in the third dimension. 11,30 

Beside altitude physiology, acceleration research was another 
topic of major interest. In the early 1930's, the effects of prolonged 
in-flight acceleration were first studied by the flight surgeon Heinz 
von Diringshofen. He suggested selecting small, but strong flight 
students with a high G-tolerance (due to a resistant circulatory sys¬ 
tem) for high-performance aircraft. In addition, body positioning as a 
means of improving tolerance to G-stress was recognized, and the 
supine positioning at a 45° angle was suggested. 

To obtain more standardized conditions than are possible in flight, 
examinations were supplemented with a centrifuge (16 ft., 45 G max., 
first 4 G within 40 s), which was located in Berlin. At the time, a larger 
66 ft. centrifuge could not be installed due to air-raids. The physiologist 
Otto F. Ranke was one of the first to use X-rays to demonstrate the 
decreased filling of the heart of test-animals exposed to high G z -forces. 
These results were cross-checked on voluntary subjects in flight. The 
medical officer cadet L. Buehrlen exposed himself to 1 7 G x over two 
minutes on the centrifuge and found the supine and prone position 
effective to sustain high G z -forces in flight. 

In dive-bombers such as the Junkers Ju 87 "Stuka," pilots used 
to crouch forward and contract their muscles through the pullouts. 
In addition, these widely accepted manoeuvres were accompanied 
by increasing the intrathoracic pressure by grunting an e-sound (M-1 
manoeuvre) (Fig. 9). Only one aircraft loss due to G-LOC was 
reported in Germany during WWII. Most likely, no attempts were 
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Figure 9. Flight surgeon (and test-pilot, front) and volunteer (back) preparing for 
aero-medical high-G flight at GAF Testflight-Center in Juterbog (south of Berlin) in 
the 1940s. In: Muller, 1967. 


made to develop and introduce anti-G suits in Germany because the 
use of such suits seemed to cause more trouble than it was 
worth. 11,29,31 ' 32 Since then the use of anti-G suits has gained general 
acceptance and has made the use of high-performance aircraft more 
tolerable for pilots. New developments are being made within the 
field of liquid-filled anti-G suits (e.g. "Libelle"/"Dragon Fly"), as was 
originally proposed by Otto Gauer in the 1930's. 

Beside prolonged acceleration, as described above, the effects of 
short-term acceleration, caused by vibrations or on impact, ejections 
etc., were also of physiological and patho-physiological interest. The 
American officer A. Berry succeeded as early as in 1912 with the first 
parachute jump from a biplane. FHowever, the parachute was first 
employed as a life-saving device by the Germans at the end of World 
War I; one of the rescued was flying ace Ernst Udet who jumped from 
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Figure 10. Canadian anti-G suit. In: Canadian Aviation, Mai 1945. 


his Fokker D VII on June 29, 1918 and survived with a sprained 
ankle. 16 With the increasing flying altitudes in World War II, the issue 
of rescue possibilities from life-threatening heights was evaluated. 
After parachuting, the development of catapult and ejection seats 
was taken up. The first ejection seat ever was installed in the Junkers 
Ju 88 in 1938. The number of accidents increased in which the pilot 
managed to disembark the plane only to receive fatal injuries after¬ 
wards by being struck by the plane's tail. In 1940, the company 
FHeinkel developed catapult seats, of which more than a thousand 
were built before the end of the war, saving the lives of many pilots. 
The acceleration sustained was a controllable element, parachute 
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Figure 11. Strategic aeromedical evacuation during WWII: Patients are deployed 
from Focke-Wulf FW 200 "Condor". Picture Archive of Dr. Harsch. 


deployment at great heights and thermal factors on the other hand 
demanded a technical solution. 11,31,34 Modern ejection-seats have to 
function under extreme conditions (under "zero-zero" conditions 
and during high speed and high G). After the Columbia tragedy in 
2003, a retrofit of the remaining shuttle fleet for the rescue from high 
altitudes with ejection seats, as had been the case during the flight 
test phase, is being discussed again.' 

Next to the development of aviation medicine, ambulance service 
by air (AirMedEvac) gained practical relevance: by 1943 more than 
one million patients had been transported by air on the German side 
of the front. On the opposing side, especially the Americans reported 
similar numbers and experiences. 11,35 

Also in other countries, WWII catalyzed further development of 
special fields within aviation medicine. In England, for example, 

f In the 1950's, Captain Kittinger managed a successful free-fall jump from over 
31 000 m, before he opened the stabilizing chute at about 27 000 m and approached 
the earth with extremely high speed. 7 
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the Physiological Laboratory of the Royal Air Force was founded in 
Farnborough. In this institute, as in others before, altitude, acceler¬ 
ation and physiology were the main targets for investigation. 
During the course of the war, the number of staff grew, and the 
institute also dealt with questions of pilot selection, noise, survival, 
the influence of heat and cold, decompression sickness, physiolog¬ 
ical training of the pilots, the development of aircrew equipment, 
and operational medical support. A part of the experiments were 
performed through experimental flights by the scientists them¬ 
selves. 22 In the USA, the Aeromedical Laboratory in Wright Field, 
Ohio, was the leading force of the development in the field of 
applied aviation medicine, headed by FHarry G. Armstrong. 
Additionally, the AAF School of Aviation Medicine in Randolph 
Field, Texas, and the Navy's School of Aviation Medicine in 
Pensacola, Florida were active in this field. Numerous development 
projects were carried out as well in the civilian section, especially 
in the Mayo Clinic in Rochester, Minnesota. 

After WW II, the advanced state of aviation medicine was con¬ 
tinued at the AAF Aeromedical Center in FHeidelberg where the phys¬ 
iologist Otto Gauer and the astrophysicist FHeinz FHaber reported 
further development in the field of extraterrestrial physiology. In 
1948, a meeting of specialists focussing on the visionary topic 
"Aeromedical Problems of Space Travel" took place in San Antonio, 
Texas. Aviation physiologist FHubertus Strughold was made first direc¬ 
tor of the department for space travel medicine at the USAF SAM 
and was joined by German colleagues K. Biittner, K. FHaber and 
FH. FHaber in the following year. The biomedical preparatory work for 
the American manned space programme was initiated under their 
decisive participation. 11,32 ' 35 ' 37 In 1951 FH. Oberth's student Wernher 
von Braun stated (5:A63): "I believe that the time has arrived for med¬ 
ical investigation of the problems of manned rocket flight, for it will 
not be the engineering problems but rather the limits of the human 
frame that will make the final decision as to whether manned space 
flight will eventually become a reality." We need to remember that 
the aviation preparatory work contributed decisively to the rapid suc¬ 
cess of manned space travel. 
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Charles Lindbergh's flight of 1927 had heralded another new 
chapter in the history of aviation, namely that of mass air traffic. 
Strughold stated at the annual scientific conference of the 
Aeromedical Association in New York City 1937 11 : "The airplane 
is changing the world. The distance between countries is shrinking. 
(...) We all can fervently hope that this is leading to a better under¬ 
standing among the nations." In the following year the four-engine 
powered Focke-Wulf Fw 200 "Condor" of German Lufthansa flew 
from Berlin to New York non-stop and back again the following 
day and paved the way for the upcoming postwar trans-oceanic 
air travel. 

Today the advancing globalization of medicine is a challenge as well 
as an opportunity. Aviation medicine has evolved from the stage of high- 
performance physiology and is now a multidisciplinary science con¬ 
cerned with the well-being of humans under aerospace conditions. 
While Strughold, at the Olympics of 1936, still defined aviation medi¬ 
cine as 'the sports medicine most connected with technique,' nowadays 
a broader definition of the interdisciplinary field of aviation medicine 
is preferable: one which subsumes aviation and space medicine, 
work and travel medicine, as well as further border sciences into one. 
Its aim is to protect man in his unity of mind, body and soul in 
the four dimensions of aerospace and, furthermore, gaining knowl¬ 
edge for the earth-bound technical fields of medicine and the bio¬ 
sciences. In essence, aviation medicine is an applied science with 
the aim of protecting the most vulnerable link in the man-machine 
complex, the human being. This encompasses the assessment of 
the fitness to fly for aviators and passengers, even for space travel, 
as well as assessment of injured and sick persons for air transport. 
The aerospace physician follows, in this context, the traditional 
bioethical rules. 

The manifold employment possibilities of telemedicine were 
catalyzed and brought to functioning maturity through the demands 
of space travel medicine. FHowever, globalization was not solely 
achieved through the progress in information technology but also 
through the substantial contribution of mass air traffic. Connected with 
this, travel medical aspects have gained more and more importance, 
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as highlighted during the outbreak of infectious diseases of interna¬ 
tional public health concern such as SARS. A further focal point of 
practical aviation medicine remains in the training of pilots and pilot 
candidates in the field of human performance limitations (HPL), 
which as the factors most frequently causing aviation accidents still 
require intensive attention, always with our common goal in sight: 
" Keep'm flying!" 
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INTRODUCTION 

Following World War I (1914-191 8), a convention providing for the 
creation of a permanent International Commission for Air Navigation 
(ICAN) under the direction of the League of Nations was presented to 
the Supreme Council of the Paris Peace Conference and signed in 
Paris on October 13, 1919. The "Convention relating to the regula¬ 
tion of aerial navigation" came into force in 14 of the signatory States 
on July 11, 1922. a ICAN was set up to establish the regulation of 
aerial navigation by developing standards and rules for universal 
application in order to prevent controversy and encourage the peace¬ 
ful intercourse of nations, and because such regulations "will be to 
the interest of all." In the ensuing decades, the Convention was rati¬ 
fied by several more States, and at the 27th and last meeting of ICAN 
in Copenhagen in June 1939, it was in force in 33 States around the 
world. 


* Former Chief of Aviation Medicine Section at ICAO, Montreal. 
a In 1922, ICAN had 28 members: The United States of America, Belgium, Bolivia, 
Brazil, The British Empire, China, Cuba, Ecuador, France, Greece, Guatemala, Haiti, 
The Hedjaz, Honduras, Italy, Japan, Liberia, Nicaragua, Panama, Persia, Peru, 
Poland, Portugal, Romania, The Kingdom of the Serbs, Croats and Slovenes, Siam, 
Czechoslovakia, and Uruguay. 
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DEVELOPMENTS OVER THE YEARS 

A Medical Sub-Commission of the ICAN formulated the interna¬ 
tional minimum standard of medical requirements and outlined the 
methods of medical examination. This first set of international med¬ 
ical standards for civil aviation, published as Annex E to the Paris 
Convention, was remarkably complete and detailed and to the sur¬ 
prise of many modern readers, neither very demanding nor very 
rigid. The following excerpt from paragraph 8 of Section IV of 
Annex E, Medical Examination, Medical requirements for licences 
for pilots of private aerodynes (mechanically driven), may serve as 
an example: 

Eye examination — The candidate must not be completely 
deprived of the use of one eye. He must possess, with correction 
by glasses if necessary, a visual acuity equal to at least 70% of the 
normal visual acuity for each eye taken separately. When this first 
measurement has been effected with correction by glasses, the 
medical examiner shall in addition see that the visual acuity of the 
candidate, measured without correction by glasses, after such can¬ 
didate has had time to adapt himself to these new requirements, is 
equal to at least 10% of the normal visual acuity, for each eye 
taken separately. 

(Excerpt taken from the latest edition, February 1940) 

The Medical Sub-Commission of ICAN met several times in the 
1920s and 1930s, further developing and polishing the regulations. 
The following excerpt shows both the degree of detail and the style 
of the regulations: 

... with regard to the maintenance of efficiency of the pilot, pul¬ 
monary emphysema will entail rejection only when the pulmonary 
capacity falls below three and a half liters at rest after a full exhala¬ 
tion and inhalation and when the duration of the breath holding 
falls at rest below 50 seconds, or only 40 seconds if the candidate 
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is less than one meter and 65 centimeters in height or is of the 
female sex. 


(Excerpt from paragraph 9, Medical requirements for 
licences for pilots of public transport or aerial 
work aerodynes (mechanically driven)) 


THE BIRTH OF ICAO 

The outbreak of World War II put an end to further developments in 
the work of ICAN. But towards the end of the war, in November- 
December 1944, a meeting was held in Chicago, where delegates 
from 52 States convened, deliberated for five weeks, and conceived 
the Convention on International Civil Aviation ("Chicago Convention"), 
which led to the establishment of the International Civil Aviation 
Organization (ICAO). The Canadian government offered to host this 
new organization, and ever since ICAO has had its headquarters in 
Montreal, Quebec. As a specialized agency of the United Nations, 
ICAO carried on the work of ICAN, and in May 1946 "Recommenda¬ 
tions for Standards, Practices and Procedures — Personnel Licensing 
(PEL)" was published in which the medical provisions for licensing 
were spelled out. 

DEVELOPMENTS OVER THE YEARS 

In 1948, the first edition of Annex 1 to the Convention on International 
Civil Aviation was published. It contained the Standards and 
Recommended Practices (SARPs) for Personnel Licensing. The 
Standards were then, as they are today, rules that ICAO's Contracting 
States have an obligation to adhere to, whereas the Recommended 
Practices are rules that States should endeavor to follow if possible. 
Notes that do not alter the meaning of the Standards or Recommended 
Practices were included whenever it was necessary to clarify an 
intention, to stress a particular point or to draw the attention of 
the reader to related provisions elsewhere in the Annex. Pursuant to 
Article 38 of the Chicago Convention, States are obligated to inform 
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ICAO of differences between national regulations and practices and 
the international Standards and Recommended Practices. A decision 
by the ICAO Council a few years later modified this article so that 
only differences to Standards had to be reported, and moreover, this 
obligation was limited to national regulations that were less demand¬ 
ing than the international Standards. 

In the second edition of Annex 1, published in 1951, the entire 
text of the medical requirements was phrased as Recommended 
Practices, where "should" was the operative verb: 

Color perception requirement No. 7. The candidate should be 
required to have normal color perception. 

Color perception requirement No. 2. The candidate should be 
required to demonstrate his ability to identify readily colored lights 
of signal red, signal green, and white. 

Beginning with the third edition of Annex 1, published in 1953, and 
in all later editions, the provisions were phrased as Standards and 
Recommended Practices. In the text of a Standard, the operative verb 
is "shall," and in the text of a Recommended Practice, the operative 
verb is "should." In order to indicate at a glance the status of each 
statement, the Standards were now printed in regular typeface, and 
the Recommended Practices and the Notes in italics. 

In the following decades, amendments to Annex 1, which included 
additional Standards and Recommended Practices as well as modifica¬ 
tions to existing Standards, were primarily based on recommendations 
from the Personnel Licensing Division sessions, large meetings with par¬ 
ticipation from the majority of the Contracting States. A Special Meeting 
on Hearing and Visual Requirements for Personnel Licensing was held 
in 1955, with participation of doctors from around the world, and a 
Personnel/Medical Divisional meeting was held in 1970. In 1980, an 
International Medical Study Group was established to review the med¬ 
ical provisions in Annex 1. In its final report, the group wrote that the 
ICAO medical provisions had stood the test of time, and that no further 
amendments were required. In 1997, an international Vision and Color 
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Perception Study Group reviewed and updated the visual requirements, 
and in 2003/2004, a Medical Provisions Study Group, with participa¬ 
tion of aeromedical experts from Canada, Egypt, France, New Zealand, 
Singapore, Russian Federation, United Kingdom, United States, IFAFPA, 
IATA, IAASM and AsMA overhauled and modernized the entire body of 
medical provisions in Chapters 1 and 6 of Annex 1 .These new medical 
provisions were adopted by the ICAO Council on February 21, 2005 
and became applicable in all 188 Contracting States on November 24, 
2005. During the approval process, the Council requested that further 
study of certain areas of the medical provisions should be carried out in 
the near future. Consequently, the Medical Provisions Study Croup 
reconvened the following year, and on 5 February 2009 the Council 
adopted additional amendments with regard to the content and nature 
of the certificatory examination, increasing the emphasis on health 
education and prevention of ill health, especially in applicants under 
40 years of age. Also, the requirements for female applicants and for 
applicants infected with FHIV underwent some changes, and the possi¬ 
bility of treatment with antidepressant medicines was introduced in a 
Recommendation. These changes represent a modest shift towards a 
performance-based approach to medical assessment and give further 
support to evidence-based aeromedical decision-making. They empha¬ 
size that the incidence of medical conditions varies with age, that 
health education and prevention of ill health can be beneficial to 
flight safety, that the routine periodic medical examination is not very 
effective at detecting or predicting medical conditions of flight safety 
relevance, especially in the younger pilot, and that stringent medical 
standards may not necessarily improve flight safety if they result in 
licence holders withholding relevant medical information from the 
Ficensing Authority. These additional amendments to the medical 
provisions in Annex 1 will come into force in all Contracting States 
on the 19 November 2009 (see Appendix 1). 

THE MEDICAL PROVISIONS TODAY 

The International Standards and Recommended Practices (SARPs), in 
force worldwide since November 2005, contain regulations (in 
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Chapter 1 of Annex 1) that govern the administration of the 
aeromedical certification system. Contracting States shall designate 
medical examiners to conduct the regulatory medical examinations, 
the medical examiners shall have adequate knowledge of aviation 
medicine, and they shall be familiar with the aviation environment; 
their competence shall be tested before designation, and they shall 
undergo refresher training at regular intervals. The national civil avi¬ 
ation authority shall appoint a medical assessor, a specialist in avia¬ 
tion medicine, to oversee the work and conduct of the medical 
examiners, and to review the medical reports they submit to the 
licensing authority. Medical confidentiality shall be safeguarded at 
all times, although the medical assessor may discuss a particular 
case with other officials of the licensing authority when required by 
operational concerns. The SARPs in Chapter 1 also regulate the 
intervals between health examinations, set a limit of 45 days for the 
"grace period" (i.e. the number of days before the expiry date of a 
medical assessment, where renewed examination can be performed 
without changing the annual or semi-annual renewal dates), and 
permit States to mandate shorter intervals when needed on clinical 
grounds. The SARPs further contain regulations (in Chapter 6 of 
Annex 1), which define the medical (mental and physical) require¬ 
ments for professional pilots (Class 1), private pilots (Class 2), and air 
traffic controllers (Class 3). The so-called flexibility clause (para¬ 
graph 1.2.4.8) is, however, part of Chapter 1. It states that an appli¬ 
cant who does not fully meet the requirements of the medical 
provisions in Chapter 6 may still be assessed as fit if an accredited 
medical conclusion 15 can be reached that he or she is unlikely to 
jeopardize flight safety. 

1.2.4.8 If the Medical Standards prescribed in Chapter 6 for a 
particular licence are not met, the appropriate Medical 


b Accredited Medical Conclusion (AMC): A conclusion reached by one or more 
medical experts acceptable to the Licensing Authority for the purposes of the case 
concerned, in consultation with flight operations or other experts as necessary. 
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Assessment shall not be issued or renewed unless the fol¬ 
lowing conditions are fulfilled: 

a) accredited medical conclusion indicates that in special cir¬ 
cumstances the applicant's failure to meet any requirement, 
whether numerical or otherwise, is such that exercise of the 
privileges of the licence applied for is not likely to jeopard¬ 
ize flight safety; 

b) relevant ability, skill and experience of the applicant and 
operational conditions have been given due considera¬ 
tion; and 

c) the licence is endorsed with any special limitation or limi¬ 
tations when the safe performance of the licence holder's 
duties is dependent on compliance with such limitation or 
limitations. 

A consequence of this clause, which is a Standard, is that a licence 
holder, who is deemed to meet the requirements of 1.2.4.8, is con¬ 
sidered to meet the Standard even when not meeting a specific med¬ 
ical requirement in Chapter 6. The term "waiver," frequently used 
about the application of flexibility, is a misnomer. The licensing 
authority does not waive any requirement but applies a Standard 
(1.2.4.8) which, under certain specified circumstances and in unusual 
cases only, allows a licence holder to be assessed as fit. It is impor¬ 
tant not to apply 1.2.4.8 routinely for a certain condition as this may 
lead to widely differing practices in different States. Frequent use of 
1.2.4.8 may indicate that certain medical requirements in Chapter 6 
do not reflect the demands of contemporary aviation. In such cases, 
ICAO should be approached with a request to review the SARPs 
concerned. 

The medical provisions in Chapter 6 contain both physio¬ 
logical performance requirements and health requirements. In 
addition to the former, specific testing requirements are given. 
In many, the Standards containing the health requirements are 
divided in two parts: an initial medical requirement (using the verb 
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"shall") and a subsidiary requirement (using the verb "may" or 
"need not"): 

6.3.2.12 Applicants with active pulmonary tuberculosis shall be 
assessed as unfit. 

6.3.2.12.1 Applicants with quiescent or healed lesions which are 
known to be tuberculous, or are presumably tubercu¬ 
lous in origin, may be assessed as fit. 


6.3.2.26 There shall be: 


c) no unhealed perforation of the tympanic membranes. 

6.3.2.26.1 A single dry perforation of the tympanic membrane 
need not render the applicant unfit. 

This structure has been chosen for two reasons: (1) to facilitate the 
administration of the provisions by allowing the authority to ground 
licence holders who need to have their medical condition further inves¬ 
tigated before a final aeromedical disposition can be made; and (2) to 
allow applicants with certain medical conditions, which are usually but 
not always, incompatible with flight duties, to pursue an aviation career. 

In other cases, the phrasing of the requirement contains a second 
part, beginning with the word "unless": 

6.3.2.20 Applicants who are seropositive for human immunodefi¬ 
ciency virus (HIV) shall be assessed as unfit unless the 
applicant's condition has been investigated and evalu¬ 
ated in accordance with best medical practice and is 
assessed as not likely to interfere with the safe exercise of 
the applicant's licence or rating privileges. 

This structure has been chosen to allow licence holders who are 
willing to undergo certain additional examinations or accept certain 
treatments to obtain a fit assessment. 
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The medical provisions in Annex 1 are supported by "guidance 
material" — the Manual of Civil Aviation Medicine (Doc 8984; 
this document can be accessed on-line at www.icao.int). This manual 
gives background information, explains the requirements in detail, 
gives guidance on how to examine applicants and how to investigate 
various medical conditions, and gives advice on how to interpret 
pathological findings in the context of an aeromedical disposition. 
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Chapter 3 


Federal Aviation Administration — Aviation 
Medicine 1 


Warren S. Silberman* 


HISTORICAL INFORMATION 

Civil aviation medicine had its beginnings in the USA on May 20, 
1926 when President Calvin Coolidge signed the Air Commerce Act. 
This act gave the responsibility of civil aviation to the Department of 
Commerce. Herbert Hoover, who was the secretary of commerce, 
created the Aeronautics Branch to manage these responsibilities. This 
Aeronautics Branch was divided into the Air Regulations Division 
and the Air Information Division. Aviation Medicine was placed in 
the Air Regulations Division. 

The initial draft of the aeronautical regulations, drawn up in August 
1926, did not stipulate what the physical standards would be, just that 
a physical examination would be required for licencure and that the 
cost of this examination would not be more than five dollars. 

When the physical standards finally became effective on December 
31, 1926, they were contained in Section 66 of the Air Commerce 
Regulations. Physically disqualifying conditions for any of the classes of 
medicals were "certain diseases and conditions ... medical experts had 
concluded could cause sudden incapacitation or death while at aircraft 
controls, or could otherwise compromise a pilot's ability to operate an 


* Civil Aerospace Medical Institute, Mike Monroney Aeronautical Center, 6700 South 
MacArthur Blvd, Oklahoma City, OK 73125. 
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aircraft in a manner compatible with an acceptable level of safety." 2 
(pp. 2-3). Three levels of physical qualifications were established, one 
for each of the pilot classes that were created: 

"Private Pilots: Absence of organic disease or defect which would 
interfere with safe handling of an airplane under the conditions for 
private flying: visual acuity of at least 20/40 in each eye; less than 
20/40 may be accepted if a pilot wears correction in his goggles 
and has normal judgment of distance without correction, good 
judgment of distance; no diplopia in any position; normal visual 
fields and color vision; no organic disease of eye or ear. 

Industrial pilots: Absence of any organic disease or defect 
which would interfere with the safe handling of an airplane; visual 
acuity of not less than 20/30 in each eye, although in certain 
instances less than 20/30 may be accepted if the applicant wears 
correction to 20/20 in his goggles and has good judgment of dis¬ 
tance without correction; good judgment of distance; no diplopia 
in any field; normal visual fields and color vision; absence of 
organic disease of the eye, ear, nose or throat. 

Transportation pilots: Good past history; sound pulmonary, cardio¬ 
vascular, gastrointestinal, central nervous and genito-urinary systems; 
freedom from material structural defects or limitations; freedom from 
disease of the ductless glands; normal central, peripheral and color 
vision, normal judgment of distance; only slight defects of ocular mus¬ 
cle balance; freedom from ocular disease; absence of obstruction or 
diseased conditions of the ear, nose and throat, no abnormalities of the 
equilibrium that would interfere with flying" 3 (p. 3). 

Waivers were granted provided the "experience of the pilot will 
compensate for the defect." The waiver would continue provided 
the "defect for which it was granted has not increased or unless 
canceled by the Secretary of Commerce" A (p. 3). 

Louis Hopewell Bauer, who was the first medical director of aeronau¬ 
tics, designed his system around a group of specially designated physi¬ 
cians known as aviation medicine examiners or AMEs. They would 
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be knowledgeable or trained in the factors of flight as they relate to 
medicine. These physicians would be appointed or specially desig¬ 
nated by the Department of Commerce and would be delegated 
authority to conduct physical examinations of pilot applicants and 
pilots. They could issue medical certificates to those who met the 
physical standards and deny issuance to those who did not. 

On July 1, 1934, the Aeronautics Branch became the Bureau of 
Aeronautics. This organization was still under the Department of 
Commerce. 

In 1938, President Roosevelt and Congress created the Civil 
Aeronautics Authority. They consolidated all aviation functions into 
this independent agency. The Civil Aeronautics Act of 1938 gave the 
economic and safety regulation of the air transportation industry and 
all civil aviation operations to a five-member Civil Aeronautics 
Authority. The quasi-legislative responsibility for looking into the 
cause of aircraft accidents was given to a three-member Air Safety 
Board. The Act also created an Administrator who was given the 
power of executive functions, which were at that time the fostering 
of civil aeronautics and commerce, operation of the civil airways, 
maintaining the air navigation facilities, and regulation of air traffic. 

On August 22, 1940, the President and Congress placed into 
operation a plan for the reorganization of federal aviation. This reor¬ 
ganization disbanded the five-member Civil Aeronautics Authority 
and created the Civil Aeronautics Board (the CAB) and placed the 
CAB back into the Department of Commerce. The organization 
retained its independence for aviation rulemaking, adjudication, and 
accident investigation. It reported to the President and Congress 
through the secretary of commerce. The Air Safety Board was dis¬ 
banded and its functions were assigned to the CAB, which formed the 
Aviation Safety Bureau. The Administrator's functions were assigned 
to the secretary of commerce who created the Civil Aeronautics 
Administration (the CAA), which was to be run by a new Administrator 
of Aeronautics. 

The CAB passed an amendment to the Civil Air Regulations on 
August 20, 1940 that reinstituted a former practice of licencing the 
physically handicapped. This amendment would allow them to fly 
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under appropriately "restricted" conditions (p. 120). The amendment 
No. 67 read: 

"Exceptions to the Physical Requirements: An applicant may 
receive a certificate in spite of failure to comply with the above 
physical requirements [in Section 20] if his physical deficiency is 
such as to not interfere with his safe piloting of aircraft. Any appli¬ 
cant receiving a certificate under these conditions may be restricted 
to particular types of operations or types of aircraft" 5 (p. 120). 

In early 1942, the CAB changed the time intervals between exami¬ 
nations from every 24 months to 12 months for student and private 
pilots and lengthened them from six months to 12 months for com¬ 
mercial pilots. This regulation became effective on April 1, 1942. 
Also effective on this date was the separation of the pilot licence and 
the medical certificate. 

On May 1, 1945, the CAA announced that it was going to decen¬ 
tralize its operations from its Washington headquarters to regional 
offices. The Washington officials would continue to set"... overall plans, 
general policies and standardization procedures" 6 (p. 147), while oper¬ 
ational responsibility for programs would fall to regional managers. 
These managers were then called "Regional Administrators." 

The Federal Aviation Act was passed by Congress and signed by 
the President on August 23, 1958. The Federal Aviation Agency 
began its operations under retired Lieutenant General Elwood R. 
Quesada on December 31, 1958. The act continued the Civil 
Aviation Board, which was assigned the economic regulation of the 
airlines and investigation of aircraft accidents. Safety regulation was 
removed from the Board's responsibilities and became the responsi¬ 
bility of the FAA Administrator. The CAB retained the responsibility 
of adjudicating appeals in cases where an appellant believed that 
the FAA had improperly applied a federal aviation regulation. The 
regulation of pilot medical standards became the responsibility of 
the FAA administrator. 

Administrator Quesada created the "Office of the Civil Air Surgeon", 
which was to be independent of the Bureau of Flight Standards. 
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One of the first acts of the acting Civil Air Surgeon Dr. John E. Smith 
was to transfer back to medical control the pilot medical certification 
and physical examination records, which had been removed from 
medical custody in September 1957. 

THE SITUATION TODAY 

The current physical standards for medical certification are contained 
in part 67 of Title 14 Code of Federal Regulations. These regulations 
are further divided into sections 67.100, 67.200 and 67.300 series 
corresponding to respectively, a first-, second- and third-class airman 
medical certificate. 

The requirements for the different classes and time limitations for 
medical certificates are based on part 61.23, which states that to per¬ 
form piloting duties, an airline transport pilot must hold a first-class 
medical, a commercial pilot must hold a second-class medical, while 
private, student, and recreational pilots are to hold a third-class med¬ 
ical certificate. The duration of medical certificates is also contained 
in the same regulation. First-class medical certificates for airmen 
under 40 are good for the remainder of the month that the examina¬ 
tion was performed and for an additional 12 months; over age 40, the 
examination is good for the remainder of the month that it was per¬ 
formed and for an additional six months. A second-class examination 
is good for the rest of the month in which it was performed and for 
an additional 12 months. A third-class examination for under age 
40 is good for the remainder of the month in which it was performed 
and an additional 60 months (5 years), and for over age 40, is good 
for the remainder of the month that it was performed and an addi¬ 
tional 24 months. A first-class medical certificate lapses to a second- 
class medical after the last day of the six-month period in which it 
was taken and to a third-class after the last day of the twelfth month 
in which it was taken. The same applies for the second-class medical 
certificate, which lapses to a third-class medical after the last day of 
the twelfth month after it was taken. 

In the US, a medical certificate is not required for operations that 
include glider operations, balloon operations, student pilot in glider 
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or balloon, flight instructor in gliders, nor in regular aircraft when not 
acting as pilot-in-command or required flight crewmember. 

The authority of the FAA Administrator to issue or deny a medical 
certificate is delegated to the Federal Air Surgeon. The Federal Air 
Surgeon further delegates the responsibility for medical certification 
to the Manager of the Aerospace Medical Certification Division 
(AAM-300) and to the Regional Flight Surgeons in the nine regions. 

All Aviation Medicine Examiners (AMEs) are permitted to perform 
second- and third-class airman examinations, but only Senior AMEs 
may perform first-class examinations. An AME may request a desig¬ 
nation as a senior AME after he demonstrates competency for three 
years or sooner if he has specialty training in aerospace medicine. 

A medical certificate, issued by an aviation medical examiner, is 
affirmed issued unless the Federal Air Surgeon or one of the other 
designated agency officials as mentioned above reverses the 
issuance. Should these officials find a need to reverse the issuance of 
the medical certificate, they must accomplish this within 60 days 
after the date of issuance of the certificate. Otherwise, the certificate 
becomes legally valid and must therefore be revoked. Should the 
FAA request the certificate holder to submit to more medical testing, 
the authorizing official has 60 days after receipt of this material to 
reverse the issuance of the medical certificate. 

Some peculiarities that separate the medical standards of the FAA 
from those of other certifying authorities will be discussed in the next 
several paragraphs. The FAA medical standards do not have any 
requirements for uncorrected vision. A first-class airman must be cor¬ 
rectable to 20/20 Snellen vision in each eye distant, and 20/40 in 
each eye near. A second-class airman must be correctable to the 
same standards as the first-class. A third-class airman must be cor¬ 
rectable to 20/40 distant and 20/40 near in each eye. There is also a 
20/40 requirement for intermediate visual acuity over age 50 for first- 
and second-class airmen. There are no refractive limitations in the 
FAA standards. For color vision in all classes, the airman must be 
able to distinguish aviation colors. A variety of color vision screening 
tests are acceptable, such as pseudoisochromatic plates, Dvorine 
plates, Farnsworth Lantern, Titmus tester, and OPTEC 900. 
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An airman can pass either of three tests to demonstrate hearing 
capability. These are the conversational voice test at six feet, standard 
audiometer with a better ear/worse ear requirement, or a speech dis¬ 
crimination test. Hearing amplification is permitted should the airman 
require this to pass any of these tests. The airman would then receive 
a restriction on the medical certificate that he must use hearing 
amplification. Deaf airmen have also been granted medical certifica¬ 
tion with stipulation on their medical certificates that they cannot 
serve as a required pilot in radio-controlled airspace. 

67.401 is the section in the medical regulations that deals with 
discretionary issuance of a certificate to a person who does not meet 
the medical provisions, i.e. gives the FAA the ability to authorize a 
special issuance of a medical certificate or grant a "waiver" for dis¬ 
qualifying medical conditions. A "waiver" is granted by the FAA if 
" the person shows to the satisfaction of the Federal Air Surgeon that 
the duties authorized by the class of medical applied for can be per¬ 
formed without endangering public safety during the period the 
Authorization would be in force." 7 The Federal Air Surgeon or any of 
his appointees may request a special medical flight test, practical test 
or medical evaluation for the purpose of issuing this "waiver." There 
are two types of "waivers" issued by the FAA: a Statement of 
Demonstrated Ability or SODA for a medical condition that does not 
usually change over time, and an Authorization for Special Issuance 
for a medical condition that may change. An example of a condition 
for which a SODA would be appropriate is a pilot who has monocu¬ 
lar vision. SODAs generally require a special medical flight test. 
Airmen with treated coronary artery disease require an Authorization 
for Special Issuance. 

Medical certificates issued to airmen under an Authorization are 
usually time-limited because the airman must regularly demonstrate 
to the Federal Air Surgeon that there is no adverse change in his 
underlying medical condition. In general, the duration of these time- 
limited medical certificates is six, 12, or 24 months, depending on 
the existing pathology. The airman is still required to obtain a med¬ 
ical examination for the class of medical he is required to hold based 
on the requirements as set forth in Part 61.23. 



48 


W. S. Silberman 


In the United States, a third-class licence holder, i.e. a private pilot, 
is permitted to accept reasonable risks to his person and property 
that are not acceptable for the conduct of airline transport or com¬ 
mercial pilot operations. Often, the FAA grants medical certification 
to private pilots flying single crew operations for medical conditions 
and treatments that by many other aviation authorities around the 
world are seen as disqualifying. Limitations such as "without passen¬ 
gers only" or "with safety pilot only" are not used in the United 
States. These are some of the more significant differences between 
the medical certification philosophy of the United States and that of 
many other countries. 

In the United States, airmen must only demonstrate to the FAA 
that they are safe to pilot an aircraft during the time period that the 
medical certificate is valid. The examination is not intended to serve 
as a warranty of a normal full aviation career. It is done to assess 
whether the airman is likely during the validity period to develop a 
condition that could compromise safety or lead to sudden incapaci¬ 
tation. The only routine medical testing required for all classes of 
medical certificates is a urinalysis to detect the presence of sugar and 
protein, and for first-class certification, an electrocardiogram at ages 
35 and 40, and then annually after age 40. 

There are 15 medical conditions set forth in the regulation that 
are disqualifying on the basis of an established medical history or 
clinical diagnosis. If an airman of any class demonstrates or is sus¬ 
pected of having one of these medical conditions, the AME is 
required to defer or deny the issuance of the medical certificate. 
These 15 medical conditions are: 

1. A personality disorder severe enough to have repeatedly mani¬ 
fested itself by overt acts 

2. A psychosis 

3. A bipolar disorder 

4. Substance dependence 

5. Substance abuse 

6. Epilepsy 
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7. A disturbance of consciousness without satisfactory medical 
explanation of the cause 

8. A transient loss of nervous system function(s) without satisfac¬ 
tory medical explanation of the cause 

9. Myocardial infarction 

10. Angina Pectoris 

11. Coronary heart disease that requires treatment, or if untreated, 
that has been symptomatic or requires treatment 

12. Cardiac valve replacement 

13. Permanent cardiac pacemaker implantation 

14. Heart replacement, and 

15. Diabetes mellitus that requires insulin or any other hypoglycemic 
for control. 8 

As in most airman medical certification regulations, there are provi¬ 
sions that allow the Federal Air Surgeon or his representatives to deny 
certification if there is " other organic, functional, or structural dis¬ 
ease, defect, or limitation that the Federal Air Surgeon, based on the 
case history and appropriate qualified medical judgment relating to 
the condition involved, finds — makes the individual unable to safely 
perform or exercise the privileges of the medical certificate or may 
reasonably be expected to do so for the duration of the medical 
applied for or held." 9 

Part 61.53 is another regulation that can be found in the US phys¬ 
ical standards as well as in the regulations of other countries. To par¬ 
aphrase, it states that should an airman develop a medical condition 
that is disqualifying or should he be given a disqualifying medical 
treatment or therapy, he is to cease flying. 

The federal regulations also require that the airman sign a statement 
on his medical application that authorizes the FAA Administrator to 
request the National Driver Register to transmit information contained 
in the Register about that person to the Administrator. The Register con¬ 
tains information concerning convictions for driving while intoxicated. 

The right of airmen to appeal, should they disagree with a denial 
of their medical certificate, is first to the Federal Air Surgeon, then to 
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an administrative law judge of the National Transportation Safety 
Board, and then to the full National Transportation Safety Board. 
A decision by the Board may be appealed to a US Court of Appeals, 
and finally, the Supreme Court of the United States may be asked for 
consideration. 

In 2007, the number of airmen granted medical certificates by 
class were: 219 481 first-class, 84 207 second-class, and 125 993 
third-class. In 2007, there were a total of 590 349 pilots. 

The actual process of reviewing cases for medical certification is 
described in the following paragraphs. A study done by the Human 
Resources Research Division of the Civil Aerospace Medical Institute 
(CAMI) several years ago revealed that 95% of airmen receive their 
medical certificates at or within a few days of the date of the medical 
examination. The other 5% are deferred to the Regional Medical 
Offices or the Aerospace Medical Certification Division. The exami¬ 
nations are required to be transmitted over the Internet. The "hard 
copy" of the FAA medical examination report (Form 8500-8) must 
still be completed by the airman and signed. The airman's signature 
on the form establishes a legal basis for revocation of the certificate 
issued if there is a falsification of the airman's medical history. When 
the examination findings are transmitted via the Internet, they imme¬ 
diately reside in a server located at the CAMI in Oklahoma City. All 
of the nine regional medical offices have the capability to review and 
work on cases in the Document, Imaging, and Workflow System 
(DIWS). In this way FAA has a virtual office where a medical case can 
be viewed and electronically worked on by an approved individual 
in any place at which there is access to the computer system. 

At the present time, all paper documents that relate to the med¬ 
ical certification, including Form 8500-8, are optically scanned into 
the airman's case file upon arrival at CAMI. Each airman in the FAA 
system has an electronic file. When the electronically transmitted 
medical examination results are joined with the hard copy of Form 
8500-8 and any associated documents, they are electronically trans¬ 
ferred to legal instrument examiners, who are the employees who 
perform the initial review of the cases. The cases are sorted out for 
review using electronic messages stored in the system. These legal 
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instrument examiners are non-medical professionals that perform the 
major portion of the review. It takes a minimum of six months and 
sometimes up to two years to adequately train these examiners. 
Should a legal instrument examiner have a medical question con¬ 
cerning a case under examination, the case is forwarded for review 
by one of the physicians. If the physician is confronted by a medical 
issue that is beyond his or her expertise, the case is referred to a con¬ 
sultant. All first- and second-class airmen with myocardial infarction, 
angina pectoris, treated or untreated coronary disease, valve replace¬ 
ment and permanent pacemaker insertion have their cases reviewed 
by the Federal Air Surgeon's Cardiology Consulting Panel. These con¬ 
sultants make recommendations to the FAA as to whether the airman 
should be issued a medical certificate. 

"Waivers" are processed in much the same way. Letters to air¬ 
men, medical certificates, SODAs, and Letters of Authorization for 
special issuances are produced electronically as well. Approximately 
130 legal instrument examiners, physicians, and support personnel 
make up the Aerospace Medical Certification Division (AMCD). 

The DIWS system of processing cases has come a long way since 
its inception. Currently as I mentioned above the processing of cases 
is essentially a virtual one with physicians able to work on medical 
case files anywhere in the world as long as they have Internet capa¬ 
bility with connection to the VPN. Recently, the last process of 
working on hard copy cases was converted to electronic capability 
so the entire processing is now paperless. The time it takes to 
process a priority case was significantly reduced by changing the 
business process. Currently this is less than 30 days! Airmen can go 
online, as long as they have a personal email address, obtain a user- 
name and password and complete the medical history portion of the 
FAA Medical Examination online. The Aviation Medical Examiner 
can view the entire medical history that the FAA has on an airman. 

The capabilities of the DIWS system are extensive. In the future air¬ 
men will be able to have the hospital or physician submit medical 
records electronically. Their records will be inserted directly into their 
electronic medical file. Radiographic images could be digitally 
scanned into an airman file so the FAA medical officers could view the 
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original image. Perhaps even the medical examination will be per¬ 
formed via telemedicine! 

Some relevant websites with good information about various med¬ 
ical standards issues are www.AOPA.org,www.aviationmedicine.com, 
www.EAA.org,www.faa.gov/about/office_org/headquarters_offices/avs/ 
off i ces/aam/, www. I eftseat.com. 
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INTRODUCTION 

In the second half of the 20th century, the idea of Europe as an area 
with a common cultural, political and economic background was 
borne. After the European "common market" was established in 
1957, European cooperation had evolved in all fields, and in 1993 
the European Union was formed, guaranteeing free movements of 
citizens and exchange of goods throughout the member states. 
European cooperation had achieved a common political body and 
peaceful understanding among the nations of a continent that had 
been plagued by war for centuries at the turn of the millennium. 
In view of the tremendous growth of aviation, harmonization within 
the area of aviation safety was considered a priority. The Joint 
Aviation Authorities (JAA) was established and the transformation of 
JAA into the European Aviation Safety Agency (EASA) is now well 
under way and will soon be completed. 


* Corresponding author. 

+ Aero Medical Center, Deutsche Lufthansa AG, Lufthansa Basis, Torzi, D-60546 
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JAA 

Primarily as an answer to the needs of the industry, harmonization in 
European aviation began in the 1970s. The work began with the Joint 
Airworthiness Authorities, a cooperative body whose first task was to 
develop common certification codes for large aircraft and engines. In 
1987, the scope was extended to include maintenance, later flight 
operations, and licensing of aircraft. In 1990, the Directors General of 
12 European states signed the Cyprus Arrangements, committing the 
member states to develop and implement common European safety 
standards and procedures. 

The Joint Aviation Authorities (JAA) was an executive and coop¬ 
erative body that was created under the auspices of the Cyprus 
Arrangement. The objectives were to harmonize the safety stan¬ 
dards and procedures for civil aviation within Europe, to reach a 
common high level of aviation safety in the JAA member states, and 
to create "a level playing field" for aviation in Europe. According to 
the principles of the European Union, freedom of movement of 
goods and people had to be guaranteed. Technically, this was 
achieved in the field of aviation safety by developing and adopting 
Joint Aviation Requirements (JARs), as well as procedures for their 
implementation. 

Provisions for licensing are covered by JAR-FCL (Flight Crew 
Licensing). A prerequisite to exercise a pilot's privileges is a private or 
professional licence, including a class or type rating, and a medical 
certificate — Class 1 for professional or Class 2 for private pilots. The 
requirements for a medical certificate are promulgated in JAR-FCL 3 
(Medical). 

DRAFTING OF THE JAA MEDICAL REQUIREMENTS 

The requirements of JAR-FCL 3 had been drafted by the FCL Medical 
Sub-Committee (in 2001 renamed the Licensing Sub-Sectorial Team 
(Medical)) consisting of the chief medical officers of the licensing 
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authorities of the JAA member states 3 and representatives of interested 
parties. The work to harmonize the medical requirements for pilots' 
licences began in 1991 and was based on the ICAO medical provi¬ 
sions in Annex 1 and existing national standards. However, the ICAO 
medical provisions are designed to ensure a minimum standard and 
ICAO's contracting states are free to develop more stringent require¬ 
ments. In most European states at least some medical requirements 
for pilots were more demanding than those of ICAO. 

The new JAA requirements were to be the "sole code," leading to 
equal and uniform medical assessments in all JAA member states. 
Consequently, the Medical Sub-Committee concluded that very 
detailed requirements would be needed to avoid different interpreta¬ 
tions. The price to pay for having these detailed and precise require¬ 
ments was that there would be very little room for flexibility. 

One of the difficulties of drafting harmonized requirements was 
the fact that the European states had different approaches to deter¬ 
mine medical fitness to fly, which had led to different approaches to 
the aviation medical examination and assessment. 

In several European states, the requirements for civilian pilots had 
been derived from the requirements for military pilots and included 
occupational health aspects. In some states all professional pilots, 
military as well as civilian, and sometimes even private pilots, were 
examined by aeromedical specialists at specialized centers, staffed 
with highly trained personnel, and given immediate access to the 
relevant special equipment. The result was a high entry level, close 
monitoring during the entire career, and an early detection of relevant 
pathology. The benefits for the pilot were clear: a comprehensive 


a In 1990, the JAA countries participating in the work of the JAA FCL Medical Sub- 
Committee were Belgium, Denmark, Finland, Ireland, Italy, Netherlands, Sweden, 
Switzerland, and the United Kingdom. Over the years, JAA membership has grown, 
and in 2007, more than 30 European countries, eight interested parties, ICAO, FAA, 
and Transport Canada have nominated members to the Licensing SubSectorial Team 
(LSST(M)). 
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medical examination at the beginning of the aviation career that 
included occupational health aspects and minimized the risk of a 
pathology later during the career, with the aim to keep the pilots in 
the best possible physical state during their whole professional life. 
Examinations included screening with various routine medical tests, 
like stress ECG, biochemistry, etc. 

In other states, strict military standards and occupational or preven¬ 
tive health concerns were not of immediate importance. Pilots were 
examined by designated medical examiners, usually by family practi¬ 
tioners who had an interest in flying but a varying degree of aeromed- 
ical training. In this system, a pilot would normally be examined by an 
individual doctor and never pass through a specialized center. 
Laboratory tests were required only on clinical indication, with the 
exception of a urine test for glucose and, for Class 1 applicants, a 
blood test for hemoglobin. The scope of the aeromedical examina¬ 
tions was limited to establish clinical normality at a given moment 
and to ensure flight safety for a determined period of time. A pilot 
was required to have a certain level of mental and physical health 
and be likely to maintain this level for the duration of validity of his 
medical certificate, usually between six months and two years. 
Furthermore, there were other contrasts such as centralized versus 
decentralized systems, and different legal philosophies: Anglo-Saxon 
("If the rule does not say you can't, then you can.") versus Roman 
philosophy ("If the rule does not say you can, then you can't."). 

The JAA Medical Sub-Committee adopted the philosophy that 
the primary goal of aviation medical requirements is to assure a high 
level of flight safety, and combined the aeromedical cultures out¬ 
lined above. This resulted in a compromise with clear characteristics 
concerning the chosen parameters and threshold values as well as 
detailed provisions for the practical completion of the medical 
examination. 

With the implementation of JAR-FCL medical requirements in 
1999, not only the national requirements starting from 1999 had to 
change but also the examination and assessment systems. When 
compared to previous national standards, the JAA requirements and 
corresponding aeromedical examinations were less demanding for 
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pilots in several JAA member states, but for others, they were more 
demanding. 

As could be expected, it was not easy for licence holders and 
regulators in some JAA member states to accept medical require¬ 
ments and health examinations that were more stringent than 
those they were used to and which had been considered safe 
before. But it was probably even more difficult in other JAA mem¬ 
ber states to accept the relaxation of the requirements while still 
considering the former more stringent ones necessary to ensure 
flight safety and to comply with the duty of care for maintaining 
the health of the pilots. 

Like aviation itself, medical and aeromedical knowledge devel¬ 
ops at a quick pace. Therefore, the medical provisions had to develop 
as well. Furthermore, lessons learned after the implementation of the 
new rules had to be considered, editorial errors discovered during 
application of the rules had to be corrected, and further improve¬ 
ments had to be incorporated. A change mechanism for the evolution 
of the requirements was necessary. The Licensing Sub-Sectorial Team 
(Medical) was the working group tasked with adjusting the medical 
provisions in a procedure called Notice of Proposed Amendment. All 
those affected were invited to participate in the development of the 
proposal and subsequent consultation on drafts concerning newJARs 
or amendment of existing ones before the final adoption process 
('consensus through participation'). 

OUTLINE OF JAR-FCL 3 (MEDICAL) 

JAR-FCL 3 provides for a system of Authorized Medical Examiners 
(AME), who are entitled to perform initial and revalidation/renewal 
aeromedical examinations for private pilots, and revalidation/renewal 
examinations for commercial pilots. Aeromedical Centers (AMCs) have 
the privilege to also examine initial applicants for commercial licences 
and to carry out more extended examinations. AMEs and AMCs are 
supervised by the Aeromedical Section (AMS), which is normally part 
of the National Aviation Authority of the respective JAA member state 
and consists of aviation medicine specialists. This institution ensures 
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the high level of medical confidentiality required under EU law. 
Medical data are only circulated between medical personnel and med¬ 
ical files are accessible to specially authorized medical personnel only. 

The responsibilities of AMEs, AMCs, and AMS, the period of 
validity of medical certificates, the extent of medical assessments, 
examination methods, and physical and psychological standards are 
laid down in JAR-FCL 3. This document is divided into two sections. 
Section 1 contains the administrative and medical requirements in 
three subparts (Subpart A for general requirements, Subpart B for 
Class 1 and Subpart C for Class 2 medical requirements) and the per¬ 
taining appendices to those subparts. Section 2 contains guidance 
material such as information for national authorities regarding the 
training course syllabi for AMEs, and guidelines for AMCs and AMEs 
on how examinations have to be carried out, forms to be used, 
etc. Furthermore, a Manual of Civil Aviation Medicine contains 
guidelines for examining and assessing applicants together with the 
aeromedical background for the requirements. This text book is avail¬ 
able by free access to the JAA website (see below). In some countries 
it is the only reference available for AMS, AMC, and AME, and has 
proved to be of immense value for all those involved in aviation med¬ 
icine and the medical assessment of pilots. 

MEDICAL STANDARDS OF JAR-FCL 3 

Aviation safety is the principal objective of JAA (Joint Aviation 
Authorities) and JARs (Joint Aviation Regulations). This encompasses 
the safety of pilots, passengers, and third parties, i.e., the general 
public, people, and their property on the ground. Therefore, any pol¬ 
icy permitting a decrease in medical fitness of pilots or any relaxation 
of the medical requirements must be accompanied by proof that avi¬ 
ation safety is not jeopardized. 

For safe operation in the aviation environment, particular stan¬ 
dards of visual acuity, color vision, hearing, cardiovascular, and 
physical capability are required. Sex and age are no reasons for deny¬ 
ing a certificate. EHowever, pilots above age 60 shall not engage in 
commercial air transport except when acting as a pilot in multi-crew 



Joint Aviation Authorities 


59 


operations and only when the other pilot is younger than 60 years. 
No commercial air transport is possible above age 65. However, 
since ICAO Annex 1 kept the historical "age 60 rule" until November 
2006, some countries in compliance with this provision had imposed 
an age limit of 60 years for commercial air transport until their 
national codes were changed. 

Wounds, injuries, sequelae from operations, abnormalities, 
disabilities, whether congenital or acquired, acute, latent, or 
chronic might bear a certain potential for functional incapacity. 
Diseases or disabilities, use of prescription or non-prescription 
drugs, or other treatments might interfere with aviation safety and 
result in a decrease in medical fitness. Pilots shall not fly if they 
are aware of such a condition or if they are not absolutely sure that 
any drug or treatment will not have any adverse effect. If certain 
conditions prevail, or if the pilot is in doubt, AMS, AMC, or AME 
have to be asked for advice (this applies in case of hospital admis¬ 
sion of more than 12 hours, operations or other invasive proce¬ 
dures, regular medication, need for regular use of glasses), or 
be informed in writing and the medical certificate to be deemed 
suspended until otherwise decided by the authority (in case of 
significant personal injury, unfitness for more than 21 days, and 
pregnancy). 

During or after certain diseases or operations (e.g., during 
cardiovascular disease, after refractive surgery), the medical certifi¬ 
cate may be suspended for a certain time or permanently withdrawn 
(e.g., after a diagnosis of insulin dependent diabetes). 

REVIEW PROCEDURES 

An AME or AMC may assess pilots as fit to fly if the examination 
results are within the standards laid down in Subparts B or C of JAR- 
FCL 3. If the results are outside these limits, a fit assessment cannot 
be made by an AME or AMC. However, if they are in line with the 
Appendices to Subparts B and C, the AMS may perform a review 
procedure of the individual case and can assess the applicant as 
fit, taking into account experience, operational environment, etc. 
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If doubts about whether a fit assessment could be granted still prevail 
or if a rejected applicant appeals, a secondary review and a final 
decision by accredited medical conclusion is possible. A board of 
experts in aviation medicine, medical specialties, representatives of 
airline industry, and aircrew associations may be put together to give 
their opinion to the AMS. The latest Amendment 5 of JAR-FCL 3 
allowed the authorities to delegate review procedures to AMCs or 
AME, and states like Germany do so. The latter has proven to be safe, 
as well as strengthened the role of aeromedical expertise, led to a 
quicker processing of reviews, and reduced administrative burden 
on pilots, the industry and administration. 

Subsequent to review procedures, medical certificates are some¬ 
times issued with a limitation. This may be a reduced validity of the 
medical certificate, mandatory additional tests, etc. 

The provisions of JAR-FCL 3 do not allow as much flexibility as 
the Flexibility Standard of ICAO Annex 1, 1.2.4.8, and the review 
procedure is standardized. FHowever, should an applicant be 
outside the requirements of JAR-FCL 3, an exemption may be 
granted by the Authority (JAR-FCL 3.045) following the prescribed 
procedures. 

MUTUAL RECOGNITION OF MEDICAL CERTIFICATES 

One of the aims of the Joint Aviation Requirements is to achieve 
mutual recognition of products, organizations, and licences among 
the JAA member states without further formalities. This applies to 
mutual recognition of medical certificates as well. Preconditions are 
implementation of the common codes and standardization of their 
application. The latter is achieved by an auditing system focussing on 
compliance with the JAR provisions. After many years of drafting JAR- 
FCL 3, auditing began after 1999, when the first JAA member states 
invited standardization teams to monitor their implementation of and 
compliance with JAR-FCL. By 2008, 28 JAA member states have been 
recommended by Central JAA for mutual recognition of licences and 
medical certificates. 
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EASA — THE EUROPEAN AVIATION SAFETY AGENCY 

The limitation of the JAA was always that it was not a legal body but 
merely a cooperation of the JAA member states in the field of civil 
aviation. JARs had to be adopted by the individual member states and 
incorporated into national law to become binding, thus sometimes 
leading to different levels of implementation. It was concluded that a 
uniform level of implementation could only be achieved by acting on 
a European community level and creating an agency with a legal 
executive and enforcement power. The corresponding proposal was 
made by the European Commission (EC) in 1996. 

The legislative process led to the creation of the European 
Aviation Safety Agency (EASA) and the common rules in the field of 
civil aviation were laid down in the "EASA Regulation" or "Basic 
Regulation" (Regulation 1592/2002 of the European Parliament). 
EASA was established in September 2003. The agency, first located in 
Brussels (Belgium), was relocated to Cologne (Germany) in 
September 2004. The agency forms part of the European Community 
System and is controlled by the European Commission. It has leg¬ 
islative power, taken over from the National Aviation Authorities 
(NAAs). The agency assists the European Commission in drafting 
regulations; it will cover all areas of civil aviation and neighboring 
areas such as air traffic control and, in the future, also management 
of airports. 

In a multinational context, decisions in the field of aviation safety 
have to be made by a neutral and independent agency with the nec¬ 
essary authority and responsibility. The independence of EASA is 
ensured by its executive director, who is appointed by an executive 
board, consisting of representatives of the EU member states and the 
European Commission. EHe reports to an independent chamber of 
appeals and is controlled by a management board. 

A basic idea of EASA is mandatory standardization, and the 
agency is the certifying entity and acts as authority in the field 
of airworthiness and continuing airworthiness. After extension of 
the scope to flight operations, flight crew licensing and medical 
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certification, it will be the body determining the policy and setting 
the standards in this field as well. The National Aviation Authorities 
will still be responsible for the legal findings (examination and 
assessment, issue of licences and medical certificates), based on 
binding codes — the so-called technical findings. In contrast to the 
JAA system, mutual recognition is mandatory. This means that 
licences and authorizations issued by one member state must be 
accepted by all other member states. 

NEW EASA REQUIREMENTS 

The process to extend the competencies of EASA to flight operations 
and flight crew licensing began already in 2003. The development of 
the relevant amendment of the "EASA regulation" and of Essential 
Requirements (ERs) for personnel licensing — outlining the legal 
scope — also began in 2003. Articles 7 to 10 of the amended 
Regulation 1592/2002 related to pilot licensing. EHowever, the legisla¬ 
tive process slowed down and was delayed several times. After final 
approval by the European Parliament, the Council of Ministers and 
the European Commission at the end of 2007 and beginning of 2008, 
EASA achieved legal competence inter alia in the field of licensing 
and medical certification from March 2008 on, with the publication 
of a new Basic Regulation 216/2008 repealing the old one. 

The medical provisions were included in the Draft Essential 
Requirements for Pilot Proficiency, containing the common rules 
for issuing and maintaining licences and certificates. The draft ERs 
were based on the concept of hazard-risk-mitigation, compliance 
with ICAO Standards and Recommended Practices (SARPs), and the 
use of existing JAR-FCL as Implementing Rules (IR). The require¬ 
ments are designed to mitigate unavoidable risks; consequently, 
hazards and risks associated with aviation have been identified and 
analyzed. Pilot competence (qualifications), quality of training, med¬ 
ical fitness (physical and mental), and age related degradation were 
identified as hazard areas. With respect to age, education, physical 
and mental maturity as well as experience had to be balanced 
against age-related degradation of the cognitive functions and 
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motor skills required for the safe performance of aviation tasks. The 
mitigating criteria were based on ICAO Annex 1 — Personnel 
Licensing and JAR-FCL. The underlying philosophy is that regula¬ 
tions have to mitigate the risks as much as reasonably achievable, 
but on the other hand, they should not go beyond that goal, creat¬ 
ing undue restrictions not justified by their objectives. With respect 
to age, anti-discrimination principles had to be taken into account 
throughout the requirements. 

All flight crewmembers have to demonstrate medical and physi¬ 
cal fitness. They must not suffer from any disease or disability that 
might interfere with their ability to operate an aircraft safely and per¬ 
form their duties correctly. Flexibility is necessary because the 
demands vary with the type of aircraft flown and activities performed. 
Deviations may be acceptable if it is ensured that the level of safety 
is maintained by appropriate mitigation measures. Pursuant to ICAO 
Annex 1 (Standard 1.2.4.8), certification of applicants with medical 
conditions or disabilities compensated by operational or technical 
measures is possible. 

Full compliance with the established requirements is an essential 
safety element. Only appropriately qualified medical examiners 
should perform the assessment, and certain criteria for the authori¬ 
zation as Aeromedical Examiner (AME) have to be met. In more com¬ 
plicated cases, the medical assessment has to be performed by a 
well-structured and adequately equipped organization — an 
Aeromedical Center (AeMC). 

Implementing Rules (IR) specify the details for pilot licensing 
and medical assessment. In contrast with the JAA principle of 
achieving consensus of all those affected by a regulation by a con¬ 
stitutional right of participation in the relevant regulation drafting 
groups (consensus by participation), EASA chose the approach of 
having small working groups, consisting of technical experts, pro¬ 
posed by advisory groups and selected by EASA to develop the 
drafts. Consensus building will be by public consultation only. The 
medical IRs are based on existing JAR-FCL 3. Acceptable Means 
of Compliance (AMC) and Guidance Material (GM) will provide 
further guidance for implementation of the future system and have 
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to satisfy the requirements of ERs and IRs. However, stakeholders 
may choose a different AMC, provided that the same level of safety 
can be achieved (EASA "soft law"). The IRs on licensing, including 
medical certification, will be promulgated as a separate commis¬ 
sion regulation. The drafts for the Implementing Rules have been 
completed once EASA had achieved legal competency in those 
areas (March 2008). The new IRs will be implemented at the begin¬ 
ning of 2009 at the earliest, and there will be a transition period of 
four years at the most. Once the legal framework is operative, it has 
to be implemented by the National Aviation Authorities of the EU 
member states. The public consultation started in June 2008. The 
original consultation period of three months was extended for some 
months, because the drafts for the pertaining Authority Requirements 
was not published until end October 2008 to allow for a clear pic¬ 
ture of the administrative architecture. 

As the new requirements no longer include the institution of an 
AMS, and as medical assessments are in the remit of the "licensing 
authority," a problem with medical confidentiality may arise due to 
conflicting requirements. Those who examine applicants for a medical 
certificate are responsible for safeguarding medical confidentiality. 
On the other hand — as required by ICAO Annex 1 and JAR-FCL 3 — 
these persons are obliged to submit reports and — in the case of appli¬ 
cants exceeding certain physiological and medical limits — detailed 
records of their examinations and findings to the "licensing authority." 
The requirements do not state that only medical personnel shall deal 
with the information submitted to the "licensing authority." 
A senior representative of EASA announced that adopting the system 
implemented in Germany in 2007 might solve the conflict. There, the 
complete files with records of examinations and assessments are kept 
by the AeMC or AME. After aeromedical assessment or review pro¬ 
cedures, the German AMS only receives the information whether an 
applicant is unfit or fit and whether limitations are imposed. 
Information about limitations or whether a review procedure has 
been conducted is included in the medical certificate to make the 
next examiner aware in case of "doctor hopping." Detailed informa¬ 
tion about the review and subsequent obligations for the applicant is 
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included in a document handed over to the applicant, which has to 
be presented to the next AME or AeMC. Thus, the authority can con¬ 
centrate on its intrinsic and most important job to control and audit 
the system, without being distracted by a large amount of routine 
technical work, better to be done by those having direct access to the 
applicant, and without jeopardizing medical confidentiality. 

A change mechanism to allow for adaptation and improvement 
of the requirements (as that described for JAR-FCL 3 above) is not 
stipulated; a team or working group tasked with the medical require¬ 
ments or a focal point for aviation medicine within the agency does 
not exist anymore. Amending the IRs or even the ERs involves a com¬ 
plex legal mechanism. To enable an adaptation of standards and lim¬ 
its, these particular rules are included in Acceptable Means of 
Compliance (AMC) and Guidance Material (GM) — which can be 
more easily changed; in addition, numerical standards have been 
omitted wherever possible. 

A totally new concept was introduced with the new require¬ 
ments. In particular, less demanding requirements for airworthiness, 
continuing airworthiness, operations and licensing, tailored around 
the concept of a European light aircraft for general aviation, were 
introduced as JAR requirements were felt to be excessive. The con¬ 
cept encompassed another class of medical certificate for the new 
Light Aircraft Pilot Licence (LAPL), for which the requirements are 
included in the AMC of the new commission regulation. The med¬ 
ical requirements are much less stringent than those for JAR-FCL 3 
Class 2 medical certificates and below those of ICAO Annex 1. The 
assessment for the LAPL medical certificate will include a compre¬ 
hensive questionnaire to be answered by the applicant, a basic 
mandatory examination (including distant visual acuity, testing of 
the visual field, urine glucose, and systolic blood pressure) and — 
in case of doubt — some additional tests (BMI, whispered voice, 
mobility and strength of upper and lower limbs). Besides 
Aeromedical Centres (AeMCs) and Aeromedical Examiners (AMEs), 
general practitioners (CPs) with some training and experience in 
aviation medicine or a pilot licence may conduct aeromedical 
assessments for the LPL. 
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Even though being a transposition of JAR-FCL 3, the new med¬ 
ical requirements are published in a different format and show a dif¬ 
ferent structure than JAR-FCL 3. They contain some items not 
mentioned in JAR-FCL 3 and are promulgated as Annex II of the new 
Commission Regulation on Personnel Licensing. Subpart A resem¬ 
bles Subpart A in JAR-FCL 3 and contains general requirements in 
three sections. Subpart B contains the general and specific require¬ 
ments for Class 1 and Class 2 medical certificates — both merged 
together — arranged in paragraphs for the different organ systems. 
Subpart C contains the requirements for AMEs, Subpart D those for 
general practitioners involved in aeromedical assessments for the 
LPL. The specific standards and limits are published as AMC 
(Acceptable Means of Compliance)/GM (Guidance Material), which 
follow the structure of the subparts and refer to the appropriate para¬ 
graphs. FHowever, the medical requirements for the LPL as well as 
the questionnaire to be used (Subpart A, Section 1) are listed as 
AMC. The AMC/GM are divided into subparts like the requirements 
they refer to. Consequently, Subpart A, which consists of one sec¬ 
tion, contains general material and the questionnaire for the LPL 
(Subpart A, Section 1). Subpart B is further divided into three sec¬ 
tions. Section 1 General consists of the specific guidelines for the 
medical certificates for the LPL, Section 2 of the specific require¬ 
ments for Class 1 and Class 2 medical certificates, with Chapter A 
relating to Class 1 and Chapter B relating to Class 2. Subparts C and 
D relate to the authorization of AMEs and general medical practi¬ 
tioners respectively. 

The JAA is actively participating in the transition from the JAA 
system to EASA, which was outlined in a "roadmap" promulgated in 
the so-called FUJA (Future of JAA) Report. However, as normally only 
EU member states will be members of EASA, those JAA member states 
that were not or not yet members of EU, were not directly covered by 
EASA. The problem was that the JARs were part of their national avi¬ 
ation legislation. For this reason, these countries will still apply the 
JARs in the future and JAA acted as a liaison between those states and 
EASA during a transition period. JAA continued as JAAT (JAA in tran¬ 
sition) with two different scopes: as liaison office (JAA-LO) for non-EU 
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JAA members (existing most probably until 2009), and as training 
office (JAA-TO). Furthermore, JAA coordinated the continued JAA 
rulemaking procedures as long as EASA had not yet achieved legal 
competency in rulemaking in the field of flight operations and licens¬ 
ing. Further amendments of the JARs will be in parallel to the devel¬ 
opment of EASA provisions, which means that EASA's legislative 
procedures has to be transposed into JARs. With EASA having gained 
momentum and competency in licensing and operations, a new 
FUJA Report II was launched in 2008 to determine the end of JAA by 
end June 2009. EHowever, the JAA-TO will continue to offer training 
in aviation safety, including courses in aviation medicine. All JAA 
member states had to withdraw from the Cyprus Arrangement. A suc¬ 
cessful story with great achievements in aviation safety will be com¬ 
pleted and an important chapter in aviation history be closed. 
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Chapter 5 


Fundamentals of Aviation Physiology 

Dietrich Wirth + and Ekkehart Rumberger** 


INTRODUCTION 

Many types of demands are placed upon the pilot. These can be demon¬ 
strated by analyzing different occupational requirements of various air¬ 
craft, by determining the physical loads placed on pilots during flight, 
and by analyzing the skills required during various flight activities. 

The relationship between the pilot and the aircraft, in the sense of 
a man-machine-system, requires close attention and careful manage¬ 
ment. An ergonomically adequate design of the cockpit and proper 
working conditions during flight are necessary to assure flight safety. 


HIGH ALTITUDE PERFORMANCE 
Physical Fundamentals 
Gas laws of the atmosphere 

The gas laws apply to ideal gases only. They are, however, generally 
applicable to real gases at low pressures and high temperatures. The 
properties of the gaseous components of atmospheric air correspond, 
within a large temperature and pressure range, to the properties of 
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an ideal gas. Thus the equation of state for an ideal gas is valid also 
for air: 


PxV=nxRxT 


P = pressure 
V = volume 

n = number of moles of gas 
R = specific gas constant 

(for dry air: 8.3144 joules per mole Kelvin) 
T = temperature in °K. 

or 


Px — = nxR = constant 
T 

Gas law according to Boyle 

At constant temperature, the volume of a gas increases when the 
pressure decreases: 


P x V = constant 


or 


P, x V, = P 2 x V 2 

P, = initial pressure at altitude 1 
V, = initial volume at altitude 1 
P 2 = final pressure at altitude 2 
V 2 = final volume at altitude 2 

Consequently, a volume of gas at 18 000 ft (5486 m) is twice as 
large as it was at sea level, and at 39 000 ft (11 887 m) it is five¬ 
fold larger. 
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Gas law according to Dalton 

The total pressure (P t ) of a mixture of gases is the sum of the partial 
pressures (p x ) of all the separate gases in the mixture: 

P t = Pi + p 2 + p 3 + • • • + p n 

The partial pressure of each gas in a gas mixture corresponds to its 
fractional concentration (percentage by volume): 

p x = P, x fractional concentration of gas x (vol%) in the mixture 

The partial pressure of oxygen at mean sea level is thus 

p0 2 = 20.95 x 760 mmHg = 159.2 mmHg 

Gas law according to Henry 

The amount of a gas (c) absorbed in a liquid is proportional to the 
partial pressure of the gas above the liquid. Thus when the ambient 
pressure falls, the partial pressure falls correspondingly (according to 
Dalton's law) and the amount of gas absorbed in the solution 
decreases — "goes out" of the liquid. This is the basis of decompres¬ 
sion sickness. 

The formula for Henry's law is most commonly given as p = kx 
c, where k is the constant of Henry's law. k is also called the solubil¬ 
ity coefficient and varies with the gas and the temperature. 

It should be noted that both oxygen and carbon dioxide are also 
chemically combined with the blood. 

International standard atmosphere 

Air pressure results from the weight of the air in the atmosphere. A 1 m 2 
column of air weighs approximately 100 kN (equivalent to about 
10.2 tonnes as sea level). The column of air becomes shorter with 
increasing altitude, and the pressure correspondingly becomes less. 
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Due to the compressibility of air, this decrease of pressure occurs 
exponentially, but is also affected by the differential heating of the 
atmosphere from exposure to the sun. 

In 1964, the International Civil Aviation Organization (ICAO) 
standardized the measurements of air pressure and temperature vari¬ 
ations in the atmosphere up to an altitude of 100 000 ft. This standard 
atmosphere consists of clean, dry air and is presumed to behave as 
an ideal gas. The computations are based on a set of standardized 
values for the atmosphere at mean sea level. 


Physiological Fundamentals 
Respiration 

Oxygen transport in the blood 
— Mechanisms of transport 

1. Physically absorbed 

The transport of oxygen in the plasma follows Henry's law about 
the partial pressure ofa gas, c = k x p. k is the solubility coeffi¬ 
cient (a) and depends on the temperature and the characteristics 
of the liquid. At 37°C, the blood carries about 0.3 mL 0 2 per 
100 mL blood. 

2. Carried in the erythrocytes 

Here oxygen transport takes place chemically, bound to hemo¬ 
globin. Hemoglobin is a chromoproteid, consisting of a globin 
and four heme molecules. The globin of the adult consists of four 
subunits, two a- and two /3-chains, each of which carries a heme 
molecule. The heme molecule is constructed from a protopor- 
phyrine ring, consisting of four pyrrol rings, connected by methyl 
groups, and carrying characteristic side groups. The heme molecule 
is anchored to a histidine segment of the globin via at the Fe^-atom. 
The reversible attachment of 0 2 (oxygenation) takes place at the 
bivalent iron atom in the center of the heme molecule. The S-shaped 
oxyhemoglobin dissociation curve, which is also known as the 



Table 1. International Standard Atmosphere (ISA)' 


0 2 Partial Pressure 


Altitude 

Air Pressure 

Temperature 

Air 

Alveolar 

0 2 Saturation of 
Hemoglobin (%) 

(ft) 

(km) 

(mmHg) 

(kPa) 

mmHg 

kPa 

mmHg 

KPa 

0 

0 

760 

101.3 

+15.0 

160 

21.6 

103 

13.7 

97 

3.000 

0.914 

681 

90.8 

+9.1 

143 

19.1 

89 

11.9 


5.000 

1.524 

632 

84.2 

+5.1 

132 

17.6 

81 

10.8 

95 

7.000 

2.134 

586 

78.1 

+1.1 

123 

16.4 

79 

10.5 

93 

8.000 

2.438 

565 

75.3 

-0.9 

118 

15.7 

69 

9.2 


10.000 

3.048 

523 

69.7 

-4.8 

110 

14.7 

61 

8.1 

90 

12.000 

3.658 

483 

64.3 

-8.8 

101 

13.5 

54 

7.2 

86 

15.000 

4.572 

429 

57.1 

-14.7 

90 

12.0 

45 

6.0 

80 

18.000 

5.486 

380 

50.7 

-20.7 

80 

10.7 

38 

5.1 

72 

20.000 

6.096 

349 

46.5 

-24.6 

73 

9.7 

34 

4.5 

67 

22.000 

6.706 

321 

42.8 

-28.6 

67 

8.9 

33 

4.4 

65 

25.000 

7.620 

282 

37.6 

-34.5 

59 

7.9 

30 

4.0 

60 
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Table 1. (Continued) 


0 2 Partial Pressure 


Altitude Air Pressure Air Alveolar 

- - - - 0 2 Saturation of 

(ft) (km) (mmHg) (kPa) Temperature mmHg kPa mmHg KPa Hemoglobin (%) 


30.000 

9.144 

228 

30.3 

-44.4 

40.000 

12.192 

141 

18.8 

-56.5 

50.000 

15.240 

87 

11.6 

-56.5 

65.000 

19.812 

42 

5.6 

-56.5 


a Defined by ICAO (in reference to pressure, altitude and temperature, as well as partial pressure of 0 2 , and 0 2 -saturation of hemoglobin 
(R. Amendt, 1993) 

Notes: — the standard atmosphere presumes dry, clean air behaving as an ideal gas; 

— the computations are based on fixed default values for the terrestrial atmosphere at sea level (air pressure P 0 = 101,325 Pa; 
Temperature T 0 = 288.15 K = 15°C; Density p = 1.2250 kg/nr 3 ; acceleration due to the gravity constant of 980.665 cm/s 2 ); 

— composition of air (volume %): N 2 78.08; 0 2 20.95; argon 0.93; carbon dioxide 0.03; noble gases 0.01; 

— the aforementioned pressure and temperature levels represent approximate values at 40°N. 


D. Wirth and E. Rumberger 
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oxygen saturation curve, corresponds to the 0 2 -saturation, 
expressed as percentage, as a function of 0 2 partial pressure. 

— 0 2 transport capacity 

This capacity is primarily given by (1) the actual affinity of 
oxygen to hemoglobin, i.e. the volume of oxygen that is bound 
by fully saturated hemoglobin (values of 1.34 to 1.36 mL 
0 2 /g Hb — Hufner's number — are normal), and (2) the 
concentration of hemoglobin in the blood (145-155 g L _1 ). 
Sex specific differences exist (men: 210 mL 0 2 L 1 , women: 
195 mL 0 2 L" 1 ). 

— Variation of 0 2 affinity of hemoglobin 

Functional changes that affect 0 2 affinity of hemoglobin are 
reflected by a right-left shift of the oxyhemoglobin dissociation 
curve, as well as situations that create reversible or irreversible 
changes which block 0 2 transportability. Brief functional changes 
in 0 2 affinity occur. A decrease in 0 2 affinity, resulting in a right 
shift of the oxyhemoglobin dissociation curve, may be caused by 
an increase in H + ion concentration, increase in C0 2 concentra¬ 
tion, increase in body core temperature, and/or an increase in the 
concentration of 2,3-diphosphoglycerate (DPG). An increase of 
0 2 affinity, resulting in a left shift of the oxyhemoglobin dissocia¬ 
tion curve, occurs when the aforementioned factors change in the 
opposite direction. These effects of F1 + ions and C0 2 concentration 
are called the Bohr-effect, and are caused by the allosteric recip¬ 
rocal changes between H + and 0 2 bonds. 

— Inactive forms of hemoglobin 

Carboxyhemoglobin (FHbCO) is a strong reversible bond of carbon 
monoxide and bivalent iron. Since the affinity of CO to hemoglo¬ 
bin is about 300 times larger than that of 0 2 , CO displaces 0 2 , 
creating a strong leftward shift of the oxyhemoglobin dissociation 


curve. 
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Methemoglobin (metHb) results from oxidizing bivalent iron 
(Fe* 4 ) in the hem molecule to trivalent (Fe +++ ) / either spontaneously 
or from oxidizing agents (e.g. nitrates, nitrites, aniline containing 
materials) making it impossible for 0 2 to bond reversibly. The 
reduction of trivalent Fe 444 takes place physiologically via methe- 
moglobinreductase. 

C0 2 transport in the blood 

— Mechanisms of transport 

1. Physically dissolved in the plasma 

The solubility of carbon dioxide is over 20 times greater than that 
of oxygen. The solubility coefficient a x depends on the characteris¬ 
tics of the molecules X and of the liquid as well as the temperature. 
At 37°C, 5.06 ml STPD C0 2 x L _1 x kPa -1 is physically dissolved in the 
plasma. 

2. As bicarbonate in the erythrocyte and in the plasma 

C0 2 + FH 2 0 <-> FHC0 3 ~ + F-| + (for the most part, a reversible bond). 

3. As carbamino compounds at the free amino acid portions of 
blood proteins, particularly hemoglobin 

C0 2 + R—NFH 2 <—>R-NF-| - COO + H + . Buffering of F-l 4 ions occurs 
primarily by hemoglobin; as O, saturates hemoglobin, the affinity for 
carbamino formation decreases. 

— C0 2 affinity curve 

This curve results from the relationship between the concentra¬ 
tions of all three forms of C0 2 and the C0 2 partial pressure in 
the blood. There is no "saturation" and no "C0 2 capacity" of 
blood. At the same p cc , 2 , deoxygenated hemoglobin binds sub¬ 
stantially more C0 2 than oxygenated hemoglobin; this is called 
the FHaldane effect. This process is due to the allosteric recipro¬ 
cal effects of H + and 0 2 bonds at the level of the hemoglobin 
molecule. 
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— Exchange procedures in the blood 

The buffering capacity of the non-bicarbonate buffers in the ery¬ 
throcytes (hemoglobin) is 7-8 times greater than that of plasma 
(plasma proteins). The normally slow process of the equilibrium 
C0 2 + H 2 0 <-> HC0 3 “ + H + is substantially accelerated by the 
enzyme carbonic anhydrase. 

These exchange procedures are also promoted by other 
mechanisms. Since the concentration of HC0 3 “ rises faster in the 
erythrocytes than in the plasma, a chemical gradient is estab¬ 
lished, resulting in an exchange of bicarbonate for Cl“ from the 
erythrocytes into the plasma (Hamburger-shift). In addition, an 
opposing cycle has been discovered recently, the endothelium of 
the capillaries mediates, by use of carbonic anhydrase, a back- 
transport of HC0 3 “ into the erythrocytes, leading to a reaction 
forming C0 2 (Jacob-Stewart cycle.) 


Control of ventilation 

— Autonomous ventilation rhythm 

Rhythmic breathing is governed from the ventral medulla oblon¬ 
gata and is coupled with other neuronal networks to regulate the 
tone of the bronchial muscles as well as to influence the sym¬ 
pathetic and parasympathetic nervous systems. A spontaneously 
active formatio reticularis sends impulses to the respiratory neu¬ 
rons. Following this primary network are the inspiratory, post- 
inspiratory and expiratory "exit neurons" which rhythmically 
activate the spinal motor neurons of the respiratory musculature. 
The rhythmicity of breathing results from the oscillating activity 
exchanges between these groups of neurons on the basis of 
inhibitory and excitatory synaptic interactions. 

— Chemical control of ventilation 

The autonomy of ventilation rhythm adjusts itself to cellular meta¬ 
bolic needs by way of chemical controls. The etiology of ventilatory 
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changes can be differentiated by determining the changes in p cc , 2 , 
Po 2 and pH. An increase in p cc , 2 (hypercapnia) causes a substan¬ 
tial increase of respiratory drive by way of increased respiratory 
rate and tidal volume. A drop in arterial pH below normal values 
causes a drive in ventilation rate and respiratory volume, while a 
rise in arterial pH above normal values leads only to a low-grade 
reduction of ventilation. Declines in arterial 0 2 partial pressure do 
not begin to affect the ventilatory system until it falls below the 
values of 6.7-8.0 kPa (50-60 mmHg), at which level substantial 
hypoxia exists. This apparent insensitivity of oxygen deficiency 
during hypoxic conditions is a result of a reduced C0 2 drive: 
hypoxia-generated tachypnoea is counteracted by a reduction in 
respiratory drive due to a corresponding fall in p C o 2 - 

— Effects of central and reflexive factors in ventilation 

In addition to the aforementioned control systems, respiration has 
"collateral" innervation along with the cardiovascular regulatory 
systems and is networked with nearly all sensorimotor activity. An 
arbitrary or psychopathological increase in ventilation occurs 
through co-in nervation of the respiratory networks via cortical and 
limbic structures. Respiratory alkalosis develops quickly with 
maximal respirations, potentiating cerebral vasoconstriction. This 
causes a reduction in blood flow in the brain leading to changes 
in consciousness. Of the multiple mechanical and chemical 
reflexes existing in the upper airways and lungs, only the lung 
extension reflex (Hering-Breuer), which prevents a hyperextension 
of the lung will be mentioned here. On the other hand, significant 
hypothermia causes an inhibitory effect on ventilatory drive. 


Abnormal ventilation 

— Hyperventilation in norm and hypoxia 

A special case may be considered: Alveolar ventilation is increased 
by increasing tidal volume beyond the requirement of metabolism. 
Breathing frequency is diminished, so that the respiratory volume 
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per minute is unchanged. Alveolar and arterial p cc , 2 falls beneath 
5.3 kPa (40 mmHg, hypocapnia). Because the slopes of the affin¬ 
ity curves of 0 2 and C0 2 are different, the difference in partial 
pressures between arterial and mixed-venous blood is smaller for 
C0 2 (0.8 kPa) than for 0 2 (6.6 kPa). Thus the rise in partial pres¬ 
sure of C0 2 in mixed venous blood is less than the drop in 0 2 . 
Consequently the sum of all partial pressures in mixed venous 
blood is subatmospheric. This is the basis for resorption of gases 
from body cavities into the blood. In the case of hyperventilation, 
the small increase of p 02 does not considerably increase the 0 2 
absorption into the blood at normal p Q . However, the C0 2 con¬ 
centration in the blood and that of all C0 2 reservoirs of the body 
are considerably diminished. The C0 2 is exhaled, and the respira¬ 
tory quotient (RQ) rises above 1, which is the limit of normal 
metabolic processes. A new level of C0 2 concentration depends 
on the balance between the degree of hyperventilation and meta¬ 
bolic intensity. The reduction of p cc , 2 due to hyperventilation pro¬ 
duces a cerebral vasoconstriction with decreasing cerebral blood 
flow, bringing on a unique feeling of disorientation. 

Under hypoxic conditions at high altitudes the arterial po 2 can 
drop below a value of 8 kPa (60 mmHg), thereby inducing a state 
of hyperventilation via peripheral and arterial chemoreceptors. 
This is followed by respiratory alkalosis. Both the decreased p co 
and the increased pH further reduce ventilatory drive, so that ven¬ 
tilation at high altitude conditions creates a situation where the 
competing drives of hypoxia and hypocapnea co-exist. 

— Hypoventilation 

A reduction of alveolar ventilation below metabolic requirements 
induces a rise of alveolar and arterial p cc > 2 greater than 5.3 kPa 
(40 mmHg). This hypoventilation causes arterial hypoxemia and 
hypercapnia, with similar absolute changes in p Qi and p cc>2 . Since 
an increased arterial p C o 2 induces ventilatory drive, hypoventila¬ 
tion will continue only if a disturbance of the central respiratory 
center, weakness of respiratory muscles, or a mechanical interfer¬ 
ence of the respiratory system is present. 
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Hypoventilation leads to substantial changes in cerebral circula¬ 
tion and function. C0 2 retention causes respiratory acidosis and 
dilates the cerebral vessels, adding to the same effect of arterial 
hypoxia. Beyond that, acute respiratory acidosis has a stronger acid¬ 
ifying effect on cerebrospinal fluid than metabolic acidosis of the 
same degree, because C0 2 can freely diffuse through the blood brain 
barrier. The consequences are a rise of pressure in the brain ventri¬ 
cles, a reduction in brain metabolism, a degradation of brain func¬ 
tion, and, finally, neurological symptoms. Hypoventilation further 
affects the pulmonary circulation and the work load of the heart, as 
it creates a hypoxic vasoconstriction of the blood vessels in the lungs, 
resulting in pulmonary hypertension and increased loading of the 
right heart, eventually leading to right heart insufficiency. 

Cardiovascular system 

Cerebral circulation and metabolism 

— Under normoxic conditions the cerebral circulation amounts to 
approx. 50 mL/100 g of brain tissue per minute, while the 0 2 con¬ 
sumption per minute amounts to approx. 3 mL/100 g or approx. 
15% of the total requirement of the body. Energy is gained almost 
entirely from glucose metabolism, and cellular uptake and uti¬ 
lization is insulin independent. Ketone bodies are metabolized 
only when present in very high plasma concentrations (e.g. during 
fasting or from diabetic ketoacidosis). 

— Mechanisms involved in the regulation of brain circulation 

An increase of blood pressure in the brain is followed by only a 
negligible increase of blood flow as the myogenic tone of the arte¬ 
rioles prevents a significant increase of flow. The range of this 
pressure auto-regulation lies between 80 and 120 mmHg (10.5 to 
16.0 kPa). When the upper range of auto-regulation pressure is 
approached, sympathetic noradrenalin-mediated fibers send sig¬ 
nals to activate cerebral vasculature to constrict, thus preventing a 
pressure-related cerebral circulatory overload. 
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Local control is mediated through a release of functionally and 
metabolically dependent factors (K + , H + , adenosine) from cells into 
the interstitial space of the brain, causing a dilatation of the con¬ 
stricted blood vessels. K + ions work quickly but weakly, while fine 
adjustments are mediated via H + ions and adenosine. Further 
changes of arterial p cc > 2 resulting from either hyper- or hypoventila¬ 
tion lead to respective changes in pH in the cerebrospinal fluid and 
in the interstitial fluid, causing further vascular changes: decreased 
arterial p COi —> interstitial alkalosis —> vasoconstriction, and 
increased arterial p CO; —> interstitial acidosis —> vasodilatation. 

Flypoxic conditions with an arterial po 2 below approximately 
75 mmHg (10 kPa) have been shown to increase cerebral blood 
flow, at least partly in response to a release of adenosine from 
brain tissue. 

Coronary blood circulation 

At rest, the coronary circulation amounts to 80-90 mL per 100 g of 
muscle tissue per minute, corresponding to about 5% of cardiac out¬ 
put. An increase in the heart's metabolic demand is followed prima¬ 
rily by an increase in circulation rather than by an increased oxygen 
extraction capability, which, even at rest, is already greater than in 
most other organs of the body. 

One of the strongest stimuli for coronary artery dilatation is the 
confluence of various hypoxemia signals. A reduction of only 5% in 
oxygen saturation leads to coronary artery dilatation, probably pri¬ 
marily due to the accumulation of adenosine in the myocardium 
from the breakdown products of phosphate compounds. Additionally 
a rise in extracelluar FH + - and K + -concentration occurs. One of 
the most important other critical endothelial factors is nitrogen 
monoxide (NO). 

Important physical factors are aortic pressure as the driving force 
and the compression of the coronary arteries, which influence coro¬ 
nary flow in every systole. 

Neurohormonal factors involved in coronary circulation include 
the chemical transmitters of the autonomic nervous system, reaching 
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the heart either via neural or circulatory pathways. Noradrenalin oper¬ 
ates via the a-receptors as a vasoconstrictor, and via the /3-receptors 
as a positive inotrope. This creates a metabolically more active state 
which overcomes noradrenalin's vasoconstrictive effect. Other mech¬ 
anisms will not be described here. 

Effects of Hypoxia 

Energy metabolism and hypoxia sensitivity 

Energy metabolism 

Immediate energy is obtained by splitting a phosphate bond from the 
high energy state of available ATP. New ATP formation is created 
through a reaction catalyzed by creatinine phosphate (CP), which is 
especially important within the first 3-10 seconds after muscle activ¬ 
ity begins. In case of strenuous work, the circulatory and respiratory 
systems need 2 to 3 minutes to adapt. The metabolic stimulus for 
adaptation is acidosis, which is caused by anaerobic energy supply 
in glycolysis. This ATP production is 2-3 times faster than oxidative 
phosphorylation, but the extent is limited because some enzymes are 
inhibited by increasing concentration of H + -ions. 

After 2 to 3 minutes, energy has to be supplied by oxidative phos¬ 
phorylation, otherwise the muscle becomes rigid and the work must 
be broken off. If oxygen supply is sufficient for the metabolic 
requirement, fat and carbohydrates are completely changed to C0 2 
and H 2 0. The process is only limited by exhaustion of glycogen and 
fat reservoirs. The most essential fuel is glucose, as the brain can uti¬ 
lize only glucose for its metabolism. Additionally, glucose provides 
the only anaerobic power production; it also provides the largest 
amount of energy (21.2 kJ/L 0 2 ). 

The importance of glucose in aviation is the considerable need the 
brain has for this critical power source. The uptake and utilization of glu¬ 
cose in the brain is insulin independent. Normal plasma glucose level 
is about 5 mmol, i.e. 90 mg/dl_. Pronounced hypoglycemic symptoms 
appear at a blood sugar level of 2.2 mmol. Symptoms include voracious 
appetite, perspiration, trembling, agitation, loss of concentration, 
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psychological disinhibition. With further decline in blood levels, som¬ 
nolence, clouding of the consciousness, and loss of consciousness 
(hypoglycemic shock) will appear. Even small drops in blood sugar can 
lead to a reduction in mental and physical capacity by interfering with 
concentration and judgment. Glucose is subject to strict hormonal 
control. The /3-cells of the islets of Langerhans in the pancreas deliver 
insulin as soon as glucose concentrations rise in the intestines and 
plasma. In a healthy person, the administration of 100 g glucose pro¬ 
duces a transient rise with a return to the prior blood glucose level after 
approximately three hours. In some sensitive humans, glucose levels 
swing after the initial peak to subnormal levels, causing symptoms of 
hypoglycemia. One should advise such individuals not to ingest large 
quantities of glucose or other easily-digested carbohydrates rapidly. 
They are either afflicted with an excessive production of insulin or a 
lack of somatostatin. This hormone is manufactured in the 5-cells of 
the islets of Langerhans and in the intestinal epithelium. It diminishes 
intestinal activity and therefore glucose absorption in response to a 
rising glucose concentration, thereby dampening the oscillations in 
blood sugar levels. With declining glucose levels, glucagon in the 
a-cells of the islets of Langerhans releases glucose from glycogen. 
The hypothalamic-hypophyseal-adrenaline axis has an important role 
in glucose metabolism, releasing adrenal cortisol and catecholamines 
during particularly stressful situations. They also increase gluconeo- 
genesis from proteins, thereby increasing performance capacity. 

Oxygen reservoirs are of utmost importance for aerobic metabo¬ 
lism, all combined amounting to approximately 1.5 L: 400 mL in the 
air in the lungs, 50 mL dissolved in the tissues, 800 mL bound to 
hemoglobin, and 250 mL bound to myoglobin. 


Hypoxia sensitivity of tissues 
— General principles 

Central nervous system structures exhibit a high degree of hypoxia 
sensitivity, as they possess only a small reserve capacity for glycolytic 
metabolic processes. Individual brain structures are differentiated 
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in importance by their phylogenetic age, in that the phylogeneti- 
cally most recent brain structures have the least tolerance to 
hypoxia. Furthermore, the more complex the cognitive and motor 
functions are, the greater the effects of hypoxia. The symptoma¬ 
tology is unique to every individual, but rather constant to an indi¬ 
vidual throughout the course of his life. 

— Anoxia and body tissues 

The cerebral cortex exhibits the following functional changes after 
sudden tissue anoxia: first a 4-second symptom-free interval; then, 
after 4-6 seconds, malfunctions begin; after 10-20 seconds, com¬ 
plete paralysis and loss of consciousness (period of paralysis defined 
as survival period of organ function); after 20-30 seconds, loss of 
spontaneous activity (zero line EEC); after 3-5 minutes, irreversible 
damage; after 8-10 minutes resuscitation may still possible. 

The latent recovery time of the cerebrum after a short 
anoxic phase is approximately one minute; after about 4 sec¬ 
onds of complete cerebral ischemia, it is about 10 minutes. The 
recovery time of brain function after one minute of cerebral 
ischemia is about 15 minutes. 

A comparison of the times after which resuscitation is still 
possible for different brain areas and organs underscores the 
statement at the beginning of this section: 3-5 minutes for 
the telencephalon (cortex and basal ganglia), 3-4 minutes for the 
working heart (e.g. in case of atrial fibrillation), as well as for the 
diencephalon; 7 minutes for the brain stem (medulla oblongata, 
pons and mesencephalon), 3-4 hours for kidney and liver, sev¬ 
eral hours more for skeletal musculature. 

Changes in organ functions 

Ventilatory parameters 

Ventilation increases relatively little, as long as the arterial p 02 does 

not fall below 8.0 kPa, corresponding to an altitude of approximately 

10 000 feet (3050 m). At an altitude of approximately 20 000 feet 
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Table 2. Oxygen Saturation (%) of Hemoglobin (x ± s) as a Function of the 
Ambient Altitude (I. Schmitz, 1997) 


Ambient 
Altitude 
(in meters) 

Peripheral Oxygen Saturation of Hemoglobin (%), Indirectly 
Measured 

Time Spent at the Respective 

Altitude (min) 

Average Values 

1 

3 

5 

180 

98 + 0.8 

98 + 0.5 

98 + 0.7 

98 + 0.7 

2000 

97 + 1.2 

97 + 0.8 

96 + 0.8 

96.9 + 0.9 

2500 

96 + 1.3 

95 + 1.5 

94 ± 1.4 

94.9 ±1.1 

3000 

94 + 2.0 

93 + 1.5 

92 ±2.1 

92.4 ±1.9 

3500 

91 ±1.9 

89 ± 1.9 

88 + 3.7 

89.2 ±3.7 

4000 

88 + 3.1 

86 + 4.0 

84 ± 4.0 

85.1 ±4.9 


(6100 m), ventilatory rate doubles from the initial value with an arte¬ 
rial p 0l of 5.0 kPa. Furthermore, increase in breath volume ensues, 
but because of the opposing effects of the ventilatory drive (hyper¬ 
ventilation reduces p COo !) this occurs to a lesser extent than could be 
expected proportionally. At an altitude above 25 000 feet (7600 m), 
breathing becomes dysrhythmic and flat, so that ventilation is 
reduced quickly and loss of consciousness is imminent. 


Cardiovascular parameters 

At rest, the normal heart beats 60-80 times per minute and achieves 
rates between 90-120 beats per minute at altitudes of 20 000 feet 
(6100 m). Thereafter, it increases at a lower rate with increasing alti¬ 
tude. With physical loads, this increase is greater. The speed of ascent 
also affects the heart rate. The stroke volume changes only slightly 
and without a preferential direction. 

The mean arterial blood pressure rises only slightly with increas¬ 
ing altitude. When exposed to longer effects of hypobaric hypoxic 
hypoxia, the pulmonary vasculature can develop vasoconstriction 
(Euler-Liljestrand mechanism), resulting in pulmonary edema. 
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Altogether, these cardiac changes (resulting from an increase in 
heart rate and vasoconstriction, caused by arterial chemoreceptors) 
are superimposed upon those mediated by local hypoxic vasodilata¬ 
tor reactions. Within the brain, the net effect of vasodilatation due to 
hypoxia and the vasoconstriction due to hypocapnia is a small 
increase in cerebral circulation. 

In the myocardium, coronary vasodilatation and circulation rise 
when hemoglobin oxygen saturation falls by only 5% and, depend¬ 
ing on the degree of hypoxia, can double or triple. 

Pulmonary hypertension secondary to hypoxia 

As a result of an alteration of the redox potential due to hypoxia 
(60-70 mmHg), a K-channel in the smooth muscle of small pul¬ 
monary arterial vessels (diameter: 200 to 400 pm) is inhibited. The 
membrane is depolarized, causing an increasing permeability of a 
voltage-dependent calcium channel. The rising intracellular calcium 
concentration results in vasoconstriction, with increasing pulmonary 
resistance. This mechanism is influenced by histamine, serotonine, 
angiotensine II, prostaglandine and nitrogenmonoxid. 

Therefore, a prolonged stay in altitude produces a hypertrophy of 
the smooth muscles of the pulmonary vessels and promote the 
Euler-Liljestrand-effect in its efficacy in the embryonal circulation 
and in the adaption of the regional perfusion of the lung. 


Subjective altitude effects 

General symptomatology of hypobaric hypoxic hypoxia 

— Subjective signs: fatigue, sleepiness, stupor, feelings of warmth or 
cold; dizziness and anxiety; pins and needles in fingers and/or 
toes; visual disturbances (flickering, decreased visual acuity); 
euphoria or apathy. 

— Objectives symptoms: hyperventilation, cyanosis, impaired color 
and night vision; disturbed cognitive function, diminished judg¬ 
ment and impaired critical thought processes. 



Table 3. Measured Values of Heart Rate as a Function Ambient Altitude (D. Wirth et al ., 1999) 


Ambient 

Altitude 

(m) 


Heart Rate (min 

') 

Arterial Blood Pressure (mmHg) 

Time Spent at the Respective 
Altitude (min) 

Heart Rate Difference 
to Sea Level 

1 

3 

5 

Systolic 

Diastolic 

Differential 

180 

78 + 18 

74 + 17 

73 + 17 

Not applicable 

135 ±15 

82 + 10 

53 + 10 

2000 

79 + 18 

80 + 15 

79 + 15 

6.2 ±6.2 

133 + 12 

83 + 10 

50 + 7 

2500 

83 + 15 

84 + 16 

82 + 16 

7.2 ±5.1 

133 + 12 

82+9 

51+7 

3000 

83 + 15 

84 + 14 

82 + 14 

8.9 ±5.3 

133 + 14 

81+8 

52+8 

3500 

86 + 15 

83 + 16 

84 + 13 

10.9 + 6.5 

135 + 15 

82+8 

53 + 8 

4000 

89 + 14 

89 + 12 

87 + 13 

11.9 + 11.3 

131 ±13 

81+8 

51+8 


OD 

NO 
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Table 4. Normal Values of Heart Rate during a Stay at an Altitude of 5000 m. Sitting and Standing Position (B. Kasprzak, 
D. Wirth, 1975) 

Experimental Conditions 

- Age of Participants (years) 

Time of 


Altitude 

Position 

Measurement 

(min) 

16-20 

(N = 61) 

21-25 

(N = 40) 

26-30 

(N = 59) 

31-35 

(N = 59) 

36-40 

(N = 39) 

0 m GND 

sit 

1 

85 + 14 

74 ± 8 

78 ± 12 

83 ± 11 

83 ± 10 

5000 m 

sit 

1 

101 +15 

89 ± 8 

94 ± 11 

95 ± 12 

94 ± 11 



5 

103 + 14 

92 ±9 

97 ± 12 

96 ± 13 

96 ± 10 



10 

102 ± 14 

90 ±9 

95 ± 11 

94 ± 12 

93 ± 11 



15 

101 ±15 

89 ±9 

93 ± 12 

94 ± 12 

93 ± 11 



20 

100 + 14 

88 ±9 

92 ± 12 

92 ± 12 

92 ± 11 



25 

97 + 19 

88 ± 11 

91 ± 11 

91 ± 12 

93 ± 11 


stand 

1 

110 ± 15 

95 ±9 

100 ± 12 

98 ± 13 

99 ± 12 



3 

112 + 16 

95 ±9 

99 ± 12 

98 ± 13 

99 ± 13 



5 

111 ±17 

93 ±9 

100 ± 12 

99 ± 13 

98 ± 12 


sit 

1 

101 ±15 

88 ± 8 

92 ± 11 

92 ± 13 

95 ± 12 



5 

96 ± 14 

85 ± 8 

89 ± 10 

88 ± 11 

90 ± 10 

0 m GND 

sit 

1 

77 ± 12 

67 ± 7 

71 ± 10 

72 ± 10 

72 ± 9 
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— Symptomatology with progressive hypoxia: continued decrease 
in concentration and critical thinking; memory lapses, restriction 
of peripheral vision, diminished speech and verbal reactivity, 
muscle tremor and cramps, circulatory failure, respiratory arrest, 
unconsciousness. 


Hypoxia symptoms experienced by pilots (as indicated 
by R.O. Reinhart in Ref. 5) 

These are: restriction of peripheral vision, such as "tunnel vision"; 
decreased visual acuity (blurring, difficulty in focusing); difficulties in 
visual accommodation, particularly in transitioning from near to dis¬ 
tant vision; difficulty in changing seat position; fatigue and exhaus¬ 
tion, sleepiness without a recognizable cause (such as boredom); 
diminished sensitivity to light touch; feeling of not being in control; 
reduction in pain sensation (even pain of a sprained ankle); 
headache, especially after 2 hours of hypoxia exposure; light head 
tremors and dizziness; poor reaction when turning in a tight radius; 
pins and needles in fingers and toes; impaired muscular coordina¬ 
tion; diminished control of movement; stuttering (correct words can¬ 
not be found during radio transmissions); cyanosis (blue lips and 
fingernails); diminished critical thinking (making silly mistakes, slow 
mentation); loss of self-assessment abilities; overly confident self- 
assurance ("no problem!"); overly aggressive, reproachful; provoca¬ 
tive on radio calls; depression (small irritations become large 
problems); changed respiration (faster and flatter); prolonged 
response time (loss of sense of taction); severely impaired night 
vision (beginning at 1500 m altitude); euphoria (decreased attention 
to safety issues). 


Hypoxia symptomatology at various altitudes 

Table 5 shows the symptomatology of hypoxia at increasing altitudes. 
Corresponding to the altitude, hypoxia is graduated. The steps from 
one zone to the next are called thresholds. 



NJ 


Table 5. Symptoms of the Central Nervous System at Different Altitudes (R.O. Reinhart, 1992) 


Ambient Altitude 


0 2 -saturation of 


(ft) 

(m) 

Degree of Hypoxia 

Hemoglobin (%) 

Symptoms 

0-5000 

0-1823 

minimal 

90-98 

— decreased night vision acuity 

5000-10000 

1823-3647 

compensatory 

80-90 

— sleepiness 

— diminished judgment 

— deteriorating coordination 

— reduced performance/efficiency 

10000-15000 

3647-5470 




15000-20000 

5470-7293 

not fully compensatory 

70-80 

— deteriorating flight control 

— deteriorating handwriting 

— deteriorating speech ability 

— decreased coordination 

20000-25000 

7293-9117 

critical 

60-70 

— circulatory break down 

— failure of the CNS 

— muscle cramps 

— cardiovascular collapse 

— death 


D. Wirth and E. Rumberger 
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Classification of hypoxia 

Tissue hypoxia 

Definition: Tissue hypoxia is defined as 0 2 deficiency in individual tis¬ 
sue regions, caused by a disturbance in oxygen delivery. Such distur¬ 
bances can be the result of a reduction in available 0 2 from arterial 
hypoxia, anemia or circulatory disturbances or can be caused by inter¬ 
ference with O, utilization (e.g. poisoning of the oxidative enzymes). 
In such cases, energy can be made available only for a short period of 
time, either by release of energy stores or from anaerobic metabolism. 
Possible causes of tissue hypoxia: 

1. Hypoxemia (respiratory and hypoxic hypoxia): decreased 0 2 sat¬ 
uration of hemoglobin due to lung malfunctions (e.g. hypoventi¬ 
lation or disturbance of the ventilation-perfusion system) or 
inspiratory hypoxia (e.g. high altitude). 

2. Anemic hypoxemia: diminished 0 2 carrying capacity caused by 
organic conditions (e.g. blood loss, circulatory disturbances) or func¬ 
tional conditions (CO poisoning or methemoglobinopathy). 

3. Ischemia (circulatory hypoxia): decreased organ perfusion with simul¬ 
taneously increased arterio-venous difference in 0 2 -concentration 
in individual organs (e.g. thrombosis, embolism, arteriosclerosis). 

4. Tissue diffusion disturbance: caused by tissue edema, poor vas¬ 
cularization, or rapidly-growing tumors. 

5. Histotoxic hypoxia: disturbances of 0 2 utilization during oxida¬ 
tive phosphorylation by cellular poisons such as cyanide and its 
potassium salt. 

Classification of various altitudes in relation to hypobaric 
hypoxic hypoxia 

There is a high degree of variability of symptoms in response to reduced 
partial pressure of oxygen at altitude. The following summary may be 
useful for orientation: 

1. Altitude zones 

The generally accepted terms for altitude ranges or zones as character¬ 
ized by physiological changes are efficient, completely compensated, 
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Table 6. Causes and Types of Hypoxia (RL. De Hart, 1985) 


Respiratory 

Functional 


Type of 

Process 

Conditions 

Specific Causes 

Hypoxia 

Ventilation 

Reduction of the 

Reduced Pq 2 of inhaled air due to 

Hypoxic 


alveolar 

strangulation, respiratory arrest, 

hypoxia 



laryngospasm, different types 
of asthma, breath holding, 
hypoventilation due to high 
external pressure of the thorax 
(snorkeling and diving), 
inhaled gas mixture with an 
insufficient P0 2 . malfunctioning 
oxygen devices at altitude 



Reduction of gas 

Pneumonia, drowning, atelectasis, 



exchange 

emphysema, pneumothorax, 



surface area 

pulmonary embolism, inborn 
cardiac anomalies, 
physiological shunts 


Diffusion 

Diffusion barriers 

Hyaline membrane disease of 




the lung (neonatal), 
pneumonia, drowning 


Transport 

Reduction of the 

Anemia, blood loss, 

Hypemic 


oxygen 

hemoglobinopathies 

hypoxia 


transportation 

(hypochromic anemia, 



capacity 

sickle cell disease) medications 
(sulfanilamide, nitrites); 
chemical toxins (cyanide, CO) 



Reduction of 

Cardiac insufficiency, shock, 

Stagnating 


cardiac stroke 

continuous positive pressure, 

hypoxia 


volume 

artificial respiration, 
acceleration (g-forces), 
pulmonary embolism 



Reduction of 

External ambient temperatures, 



regional or 

position changes (continuous 



local blood 

sitting, bed-ridden or 



flow 

weightlessness), constrictions 
(restricting clothing, belts etc.), 
hyperventilation, gas embolism, 
cerebrovascular accidents 



( Continued) 
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Table 6. (Continued) 


Respiratory 

Process 

Functional 

Conditions 

Specific Causes 

Type of 
Hypoxia 

Utilization 

Metabolic 
poisoning or 
dysfunction of 
enzymes of 
respiration 

Poisoning or reduction of the 
respiratory enzymes, carbon 
monoxide, cyanide, alcohol 

Histotoxic 

hypoxia 


incompletely compensated and critical. Generally the following dis¬ 
tinctions apply: 

— Physiologically efficient zone: spans the altitude range from MSL 
to 3000 m. Physiological changes cannot be observed or are only 
minimal. Full capacity exists with normal activity, only minimal 
decrease in capacity occurs with high physical activity lasting 
more than 2 minutes. 

— Zone of complete compensation: from 3000 m to a level of 
approximately 4500 m, the 0 2 -saturation of hemoglobin drops to 
80-87%, causing a rise in heart rate and ventilation at rest; effi¬ 
ciency is reduced by approximately 25%. 

— Zone of incomplete compensation: from 4500 m to a level of 
approximately 7000 m, oxygen saturation of hemoglobin drops to 
values around 65-70%. Even at rest, substantial vegetative, psy¬ 
chological and motor symptoms arise. 

— Critical zone: begins at an altitude of 7000 m and above 8000 m, 
all physical capacity is lost rather quickly. 

— Dead man's zone: above 14000 m, sufficient partial pressure of 
oxygen can only be provided to the alveoli by use of a positive 
pressure breathing apparatus. 

2. Threshold levels 

Threshold levels are the levels between the altitude zones described 

above: the reaction threshold is the level between the efficient zone 
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and the zone of complete compensation, the disturbance threshold 
is the level between the latter and the zone of incomplete com¬ 
pensation, the critical threshold level lies between this and the crit¬ 
ical zone, and, finally, the fatal threshold level lies above the 
critical zone. 


Hypoxia tolerance and self rescue time 

Hypoxia tolerance 

A variety of factors influence individual hypoxia tolerances, which 
can be constitutional, dependent on conditioning, current state of 
health, and topical stressors. Tolerance, therefore, is variable and can 
be increased with high altitude physiological training. 


Self- and assisted rescue times 

— Synonymous with self rescue time are the terms time reserve (Ruff/ 
Strughold, 1957), reserve time (Papenfuss et ai, 1990; Schulze 
et ai, 1990), Time of Useful Consciousness (TUC) (MOS he/franc, 
1988; Amendt, 1993) and effective performance time (CEPT) 
(Reinhart, 1992). 

— The self rescue time is defined as the time from the moment the 
oxygen supply is interrupted to the onset of incapacitation, i.e. 
loss of the ability to appropriately carry out required actions. 
During this period, personal warning symptoms may be noticed. 
The length of this period depends on the cabin altitude; at high 
altitudes it amounts to only 9 to 12 seconds. 

— The self rescue time is affected by the following factors: 1. The 
cabin altitude at which the oxygen deficiency begins, 2. The 
pilot's experience in handling hypoxia, 3. Work load and stress 
load, and 4. General physical fitness. Fatal outcomes can often 
be avoided by providing assisted rescue, which significantly 
enhances survival. 

— Necessary course of action for the pilot upon recognizing an 
oxygen deficiency. 
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Table 7. Relationship of Altitude to Self Rescue Times 
(R.O. Reinhart, 1992) 


Ambient Altitude 

Time of Useful 
Consciousness (TUC) 

(ft) 

(m) 

18 000 

5486 

20-30 min 

22 000 

6706 

10 min 

25 000 

7620 

3-5 min 

28 000 

8534 

2.5-3 min 

30 000 

9144 

1-2 min 

35 000 

10 668 

30-60 s 

40 000 

12 192 

15-20 s 

43 000 

13 106 

9-12 s 

50 000 

15 240 

9-12 s 


In unpressurized aircraft equipped with oxygen supply: switch 
the automatic controller to emergency supply, examine the masks 
and hose connector, pull the green lever (0 2 reserve activated) and 
carry out a rapid descent to an altitude below 10 000 ft (3048 m). 

In passenger aircraft with pressurized cabin: while keeping the 
oxygen mask on and descend to a safe altitude of less than 1 8 000 
feet (~6 km) as well as donning the oxygen mask. 

Additional oxygen supply 

Computation of oxygen partial pressure 
Formulas for the computation of oxygen partial pressure: 

Air as inhaled gas: 1. p T -0 2 = (P - 47) FH 0.21 

2. p A -0 2 = p T -0 2 - p A -C0 2 /RQ 
With 100% 0 2 : 3. p A -0 2 = p T -0 2 - p A -C0 2 

Legend: P = total air pressure 

p T -0 2 = tracheal 0 2 -partial pressure 
pP A -0 2 = alveolar 0 2 -partial pressure 
p A -C0 2 = alveolar C0 2 -partial pressure 
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The first formula serves for the computation of p-0 2 in the tra¬ 
chea. The second formula serves for the computation of p-O, in the 
lung alveoli. Alveolar p-o 2 is therefore dependent on the carbon 
dioxide portion and thus on the respiratory quotient (RQ). Higher 
altitudes are possible with supplemental oxygen. Because of the 
danger of hypoxia-induced unconsciousness, breathing air only is 
inadequate above 10 000 ft (3048 m); supplemental oxygen in an 
air/oxygen mixture is fully sufficient only up to an altitude of 
25 000 ft (7620 m), while 100% supplemental oxygen is commonly 
used above 30 000 feet (9144 m) and becomes necessary above 
33 000 feet (10 057 m). 


Positive pressure breathing 

Because of the needs of military flying at high altitudes with unpres¬ 
surized or only partially pressurized cabins, several designs for pro¬ 
vision of supplemental pressurized oxygen at various barometric 
pressures have been created. Active exhalation is necessary against 
the positive pressure of the inhaled air and gives rise to physiological 
disturbances such as change of respiratory rate, increase in pul¬ 
monary vascular resistance, and decrease in cardiac stroke volume 


Table 8. Percentage of Supplemental Oxygen Required as a Minimum at Various 
Altitudes. 



Altitude 

Barometric Pressure 
(kPa) 

Proportionate 

0 2 -mixing 

(ft) 

(m) 

Total 

po 2 

(kPa) 

(%) 

0 

0 

101.3 

21.3 

0 

0 


1524 

84.2 

17.7 

3.6 

4 


3048 

69.7 

14.6 

6.7 

10 


4572 

57.1 

12.0 

9.0 

19 

20000 

6096 

46.5 

9.8 

11.2 

28 

25000 

7620 

37.6 

7.9 

13.4 

41 

30000 

9144 

30.6 

6.4 

14.9 

60 

35000 

10668 

23.9 

5.0 

16.3 

79 
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and arterial blood pressure. Compensatory sympathetic mechanisms 
are activated, causing vasoconstriction, elevation of stroke volume 
and respiratory rate, and utilization of accessory respiratory muscles. 

Altitude protective clothing 

High-altitude pressurized suits and well-fitting masks serve as 
mechanical protection against the increased intrapulmonary pressure 
created by positive pressure breathing devices. The combination of 
high altitude pressurized suit and pressure helmet makes it possible 
to attain a positive oxygen pressure of 19.33 kPa in relation to ambi¬ 
ent pressure, enabling flights up to 40-50 km. 

Toxic effects of oxygen 

Hyperoxia 

— General data 

Increasing the inspiratory oxygen partial pressure above 22 kPa has 
a very marginal effect on hemoglobin which is already normally sat¬ 
urated at 97%. At 100 kPa, only 24 ml 0 2 per L are physically dis¬ 
solved (according to the Bunsen's absorption coefficient at 37°C). 

— Applications of supplemental oxygen 

a) Pre-breathing of 0 2 prior to high altitude exposure. 

b) Use of increased 0 2 partial pressure (>50 kPa) in military 
night flights. 

c) Treating ischemic or anemic hypoxia under isobaric pressure 
conditions. This necessitates therapeutic mechanical ventila¬ 
tion with high 0 2 percentages and increased oxygen partial 
pressure. For chronic therapy of adults, the inspiratory p-0 2 
should not exceed 60 kPa, in newborns not over 40 kPa. 
Under hyperbaric conditions (hyperbaric chambers) medically 
pure oxygen should only be given for short periods of time, 
due to its toxic effects as a cellular poison. 

d) Diving with compressed gas. 
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— Benchmarks for the toxic effects of oxygen (dose-effect relationships) 

a) With p-0 2 > 100 kPa (755 mmHg): initial pulmonary symptoms. 

b) With p-0 2 > 200 kPa (1510 mmHg): preponderance of CNS 
symptoms. 

c) With p-0 2 = 250 kPa (1885 mmHg): under resting conditions a 
tolerance of 1 -2 hours. 

d) With p-0 2 > 600 kPa (4530 mmHg): abrupt onset of tonic- 
clonic spasms and unconsciousness. 

— Effects and risks 

a) Inhibition of metabolic tissue enzymes (e.g. inhibition of glu¬ 
cose, fructose oxidation and pyruvic acid. 

b) CNS disturbances: nausea, headache, paresthesias (particularly 
at the fingertips), dizziness, confusion, cramps (e.g. twitching 
lips), and unconsciousness. 

c) Pulmonary disturbances: inflammation of the mucous mem¬ 
branes of the upper respiratory system with cough and ret¬ 
rosternal pain upon deep inspiration; decrease of lung elasticity, 
atelectasis formation, rise of the alveolar-arterial p-0 2 gradients; 
in severe cases interstitial pneumonia and pulmonary edema 
with bloody transudate (increased capillary permeability). 

d) Cardiovascular disturbances: diminished cardiac output with 
increased vagal tone, decreased brain and kidney perfusion. 

Normoxic Hypoxemia from CO 

CO has about 300 times greater affinity to hemoglobin than oxygen. 
Carboxyhemoglobin (HbCO) is an inactive form of hemoglobin, in 
which carbon monoxide (CO) has displaced oxygen and is reversibly 
bound to the bivalent iron-atom of heme. The additional leftward 
shift of the oxygen hemoglobin dissociation curve reduces 0 2 deliv¬ 
ery to the tissues. Normally 1% of hemoglobin is present as HbCO. 
Differential diagnosis of CO poisoning in pilots includes inhaled 
engine exhaust, smoldering fire in the cockpit, and tobacco smoking. 

The effect of smoking is considerable. Tobacco smoke contains 
1.5-4.5 of vol% CO; each cigarette increases the percentage of 
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Table 9. Symptoms of Carbon Monoxide Poisoning as a Function of HbCO- 
Concentration (W. Forth, D Henschler, W. Rummel, 1987). 


HbCO (%) 

Symptoms, Effects 

2-3 

Impairment of mental functions 

5-10 

Feeling of tightness in the forehead, mild headache, mild decrease 
of vision (flicker fusion frequency decreases) 

10-20 

Severe headache, fatigue, malaise, shortness of breath (with 
moderate effort), palpitations; changed visual evoked potentials 

20-30 

Pulsating headache, nausea, dizziness, diminished consciousness, 
impairment of manual talents, limb flaccidity and paralysis 

30-40 

Decreased consciousness, flattened respiration, circulatory 
collapse, skin pink 

40-60 

Deep unconsciousness, paralysis, Cheyne-Stoke respiration, 
reduction in body temperature 

50-60 

Death within 10 minutes to one hour 

70 

Death within few minutes 


carboxyhemoglobin by over 2%. Smokers generally have 2-14% 
HbCO; smoking 20 cigarettes can lead to the formation of 20% HbCO. 

The CO bond cannot be neutralized, but the amount of 
HbCO can be reduced by 0 2 -breathing; a complete CO elimination 
takes hours. 

Effects of diminished barometric pressure 

Pressure equalization in the nasal cavities 

Increasing or decreasing pressure in the sinus cavities is equalized 
passively by means of the ostia into the main nasal cavity. In the 
frontal sinus, there is not one simple ostium, but a 3 cm long chan¬ 
nel. This is why frontal sinus pressure disturbances occur 3-5 times 
more frequently here than in the remaining sinus cavities. The baro- 
function is more complicated in the tympanic cavity because of the 
special opening mechanism of the Eustachian tubes. At rest, the 
pharyngeal part of the tube is closed and requires an action to open, 
such as yawning, swallowing, sneezing, or pulling the jaw forward. 
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In the event that the tympanic membrane is stretched by 20-27 kPa 
(150-202 mmHg) above the pressure in the nasopharyngeal cavity, 
the tube opens passively, due to the pressure differential. Therefore, 
no problems arise while the aircraft climbs. During descent to land, 
an increase in ambient pressure gives a rising pressure feeling in the 
ear (over the tympanic membrane), which should initiate equaliza¬ 
tion procedures. The pressure differential between the middle ear and 
the environment cannot be alleviated otherwise. 

Gastrointestinal features 

According to Boyle's gas law, water-saturated gas doubles in volume 
at an elevation of 16 500 ft, triples at 25 000 ft, expands five-fold at 
34 000 ft, and seven-fold at 39 000 ft. This gas expansion has practi¬ 
cal application for aviation personnel and passengers during flight. In 
order to prevent decompression sickness caused by a rapid drop in 
pressure, cabin pressure is maintained corresponding to an altitude of 
2200-2400 m (approximately 7200-7900 ft) or lower. This is accom¬ 
plished by active pressurization and hermetic sealing of the cabin. 
Under these conditions intraabdominal gas expands to nearly 40%. 
Because the cabin lay-out offers few possibilities for passengers to 
move around, painful intestinal distension and spasms often result, 
especially during long-haul flights. It is recommended to avoid gas- 
producing foods and carbonated beverages before flight. Another pre¬ 
ventive measure is simethicon which can reduce the surface tension 
of intraabdominal gas bubbles, thereby facilitating their elimination. 

Decompression sickness (DSC) 

Decompression sickness due to disturbances 
of the flight profile 

— Origin 

The bubbling effects of dissolved inert gases (nitrogen and the noble 
gases) develop particularly in bradytroph tissues, as well as in fat 
and nerve tissues. Gas germinates preferentially in structural and 
biochemical niches, such as in transition areas from hydrophilic to 
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hydrophobic substances that have large abrupt changes in surface 
tension. Bubbles occur at pressure drops of at least 50%. Obesity, 
advanced age, prior injuries, cicatrices and physical activities 
(after pressure drop) accelerate the generation of bubbles. 

— Decompression symptomatology 

The frequency of symptoms in different tissues and organ struc¬ 
tures vary: in 65% of DCS cases joint pain arises, 1 7% experience 
"the bends," paresthesias occur in 7%, pseudoparalysis in 5%, 
scintillating scotomas in 4%, delayed headaches occur, as well as 
pulmonary symptoms and collapse, in 2%, and acute paralysis in 
1% of cases. The temporal course of symptomatology is charac¬ 
terized initially by a rapid rise in symptoms, reaching a maximum 
in about 30 minutes, with a slow decline over the next two hours. 

Symptoms are differentiated according to their localization 
and the type of the complaint: 

a) Bends: exhibited by pain in the joints and muscles, beginning 
with a numb feeling and, within hours, changing into a dull, 
sometimes pounding pain. It arises particularly in joints that 
are utilized the most (shoulder, elbow, hand, foot and hips). 
Approximately 54% are joint complaints, 26% deep muscle 
complaints, and 20% deep bone pain. 

b) Chokes (N 2 embolism in pulmonary vessels): presents with subster- 
nal pain, frequently also dry cough and episodes of asphyxiation. 

c) Circulatory failure: characterized by symptoms of shock (cold 
sweat, pallor, dizziness), delayed shock (after symptom-free 
interval of 2-12 hours). 

d) Paresthesias: a mild form of DCS due to subcutaneous bubble 
formation, which is characterized by local or diffuse pruritis, a 
reddish-blue skin coloration, and punctuate hemorrhages. 

e) Neurological disturbances: visual disturbances, headache, 
hearing impairments, tinnitus (inner ear), disturbances of the 
muscle coordination (muscle tremor, unilateral or bilateral 
weakness, or paralysis), cross-sectional paralysis including 
bladder and bowel incontinence. 
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— Prevention 

Barometric injury and hypobaric hypoxia are generally prevented 
by use of pressurized cabins and/or supplemental oxygen equip¬ 
ment. At cabin altitudes over 10 000 ft (3000 m) continuous oxygen 
delivery is required. 

— Principles of treatment 

The amount of time to be spent in a pressure chamber (which 
equates with submerged depths) and the amount of 0 2 supplemen¬ 
tation are determined by the severity of the symptoms. As a mini¬ 
mum, a one-day observation period is necessary. Air transport of 
patients to a pressure chamber requires a cabin altitude of no more 
than 3000 ft. By breathing 100% oxygen, 30% of nitrogen can be 
released from the body within 30 minutes. The speed of N 2 elimina¬ 
tion from individual tissues is in the following order: blood and lung 
tissues, internal organs, skin and muscle tissue, fatty tissue and bone. 


Flying after diving 
— Applicable principles 

a) No flying at a cabin altitude of more than 2000 ft (approximately 
600 m) within a period of 12 hours after diving with compressed 
air, or after a stay in a pressure chamber. Also participation in 
high altitude chamber operations should be avoided. 

b) If symptoms of decompression sickness arise during or after div¬ 
ing, the advice of an aeromedical practitioner should be sought 
before returning to flying. This is an increasing problem as the 
number of divers and the frequency of flights after diving courses 
are rising. The problem is furthermore worsened by the frequent 
concealment of signs of DCS, primarily by male divers (both 
civilian and military), as DCS is considered a badge of honor. 

c) DCS that occurs after diving can cause functional and an 
anatomical intrapulmonary right-to-left shunts: The functional 
intrapulmonary right-to-left (type II) can be induced by the 
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so-called yoyo dive profiles,whereby a series of many flat and 
short dives take place, with episodes of surfacing separated by 
only a few minutes. Microscopic bubbles and larger bubbles 
are formed in the pulmonary capillaries and cause an asymp¬ 
tomatic embolism. These vesicles are partially absorbed and 
then enlarge with new pressure exposures and by further 
inhalation of nitrogen. A second mechanism is when dive lev¬ 
els oscillate, such as when deep levels are repeatedly, abruptly 
and rapidly discontinued, even without surfacing. 

The anatomical intrapulmonary right-to-left shunt (Type I) 
is caused by a small asymptomatic atrial septal defect or by a 
functionally open foramen oval. 

— DCS in divers can also be caused by 

a) panic ascent because of unusual or irritating events or particularly 
stressful conditions such as loss of visual contact with the dive 
partner, increased resistance of the regulator, etc. Unfavorable 
personality characteristics often play a role in this context; 

b) not observing absolute medical and especially psychiatric 
contraindications to diving. These are particularly common 
causes of fatal diving accidents; 

c) incomplete consideration of all factors involved in DCS when 
using the dive computer, e.g. computing basis for the "expo¬ 
nential reduction of saturation" is unrealistically optimistic 
and does not take into consideration the significant individual 
differences in dispersion of inert gas, the individual predispo¬ 
sition toward bubble formation (bubblers and non-bubblers), 
and the biochemical reaction to bubble formation. 


EFFECTS OF ACCELERATION 
Terminology Pertaining to Accelerations 

When evaluating the effects of acceleration, a principle to note is that 
the physiological effects are caused by inertial forces that operate 
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opposite to the direction of the acceleration. Another term found in 
the literature for the inertial direction is reaction forces. 

In general, the following acceleration features are physiologically 
and pathophysiologically operative: 

— magnitude of acceleration in multiples of earth's gravity (g = 9.81 m/s 2 ); 

— duration of acceleration: 

a) sudden accelerations: 1/1000-1/100 s (injuries above 50 G) 

b) transient accelerations: 0.5-1 s (no hemodynamic changes) 

c) sustained accelerations: (>15 s to several min); 

— acceleration gradient (G/s): in aeronautical practice often 0.1-3.0 G/s; 
briefly to 5-7 G/s; when ejecting up to 300 G/s; 

— effective direction: in reference to the body axis and the transverse 
axis of the body (horizontal, sagittal and frontal planes through the 
body's center of gravity); 

— effective area: body shape — seat design; 

— effective range: particularly significant in critical overloading situ¬ 
ations, e.g. ejections and forced landings; 

— frequency response: particularly significant at the limits of tolerance; 

— temporal sequence: pertaining to the acceleration-free intervals 
(recovery) which are important for acceleration training. 

Physiological performance with +G Z accelerations 
Physiological fundamentals 

Orthostatic load and short-term blood pressure regulation 

Circulatory control while standing, i.e. during an orthostatic load, 
results from the summation of the blood pressures attained by the 
work of the heart and the hydrostatic pressure due to the force of 
gravity. Thus, the mean pressure in the arteries of the foot while 
standing amounts to approx. 190 mmHg, in contrast to 100 mmHg 
while supine. The pressure drops to approx. 70 mmHg in the arteries 
of the head. With these pressure changes, thin-walled veins in the 
legs will stretch and can pool a volume of blood of about 400-600 mL. 
Under these conditions, the mechanisms that promote return of 



Table 10. Terminology of Acceleration and Reaction Forces (Biodynamics Committee of the Aerospace Medical Panel) 


Direction of 

Acceleration 
with Reference 
to the Body of 
the Pilot 

Physiological Description 
of Acceleration G 

Physiological 

Symbol 

Reaction Direction 
(Direction of the 

Force of Inertia) 

Deviating Direction of 
Motion of the Eyeballs 
and/or the Axes 
of Vision 

Forwards (back to 
chest) 

Backwards (chest 

Transverse anterior to 
posterior G, straining 
backward, chest to back G 
Transverse posterior to 

+G X 

Chest to back (the 
pilot presses into 
the seat-back) 

Inward 

to back) 

anterior G, straining 
forward, back to chest G 

-G x 

Back to chest (the pilot 
presses into the lap 
straps one) 

Outward 

Headwards (pelvis 
to head) 

Positive G (cephalad) 

+G Z 

Head to pelvis (the pilot 
presses into the seat) 

Downward 

Footwards (head to 
basin) 

Negative G (caudal) 

-c z 

Pelvis to head (the pilot 
is lifted from the seat) 

Upward 

To the right 

Left-lateral G 

+G y 

Right to left laterally 
(the pilot is pressed 
to the left) 

To the left 

To the left 

Right-lateral G 

■Gy 

Left to right laterally 
(the pilot is pressed 
to the right) 

To the right 
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venous blood to the heart become especially important. Particularly 
notable is the so-called muscle pump, which in principle exists 
because the veins are squeezed together by virtue of the surrounding 
skeletal muscle contractions. This causes blood to be pushed toward 
the heart with the assistance of one-way valves. Thus, the pressure also 
decreases in the foot veins from approx. 90 mmHg to 20-30 mmHg 
and capillary filtration pressure becomes even smaller, which resists 
edema formation. Frequent activation of the muscle pump by walk¬ 
ing or by conscious leg contractions helps reduce the negative con¬ 
sequences. This elevated venous pressure is exacerbated by activities 
which require long periods of standing (e.g. sales personnel) or 
which create venous occlusion (e.g. sitting). Furthermore, the "suc¬ 
tion pressure pump" effect of ventilation comes into play, as this 
occurs due to the effect of negative chest pressure during inhalation, 
along with associated stretch of the thoracic blood vessels. Intra¬ 
abdominal pressure is increased by virtue of lowering the diaphragm, 
further promoting the flow of blood into the heart. During exhalation, 
the opposite occurs and the venous return to the heart is reduced. 

Control mechanisms during +G Z accelerations 

Manifold hydrostatic loads cause substantial disturbances of the 
hemodynamic system, manifold gravitational loads cause deforma¬ 
tions and misalignments of body parts and organs. 

Increased hydrostatic pressure changes the pressure circum¬ 
stances in the venous and arterial system, the blood distribution in 
the circulation, venous flow reversal and regional perfusion. In 
hydrostatic equilibrium, pressure in arteries and veins falls above the 
heart, and rises below this level, and is dependent on the height of 
the hydrostatic column. Consequentially, circulation is reduced in 
the head, while the hydrostatic pressure increases in the legs. 

Among the reflex counter-regulations of the organism, the pres¬ 
sure sensors play the most important role. They promote vasocon¬ 
strictive reactions of the capacitance and resistance vasculature, a rise 
of the heart rate, and increase catecholamine release from the adrenal 
glands. During sustained acceleration, blood pressure control can be 
activated via the renin-angiotensin mechanism. After 10-15 seconds 
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of vasoconstriction of capacitance vessels, venous return begins to 
increase, and thus the stroke volume of the heart increases. However, 
initial values cannot be reached, and complete cardiovascular com¬ 
pensation is possible only with low rise gradients (0.1 g s _1 ) and mild 
accelerations between +2 G z and +3 G z . 

Disturbances in the retinal and cerebral perfusion are very impor¬ 
tant, especially with acceleration values of +4 G z or more. Peripheral 
and central vision disturbances are caused by the peripheral reduc¬ 
tion of retinal perfusion. Initially, only peripheral vision is affected; 
central vision is lost later. These visual disturbances precede reduced 
brain perfusion, and are followed by loss of consciousness. 

Respiratory rate and alveolar ventilation rise even during minor 
accelerations, and ventilation-perfusion defects become increasingly 
more significant with increasing acceleration. 

The objective and subjective symptoms and the decreased ability 
of the pilot to act during +G Z accelerations depend not only on the 
types of acceleration involved, but also on the constitutional, condi¬ 
tional and current health status of the pilot, as well as the behavior 
of the pilot. A compilation of these situational changes are described 
in the following table. 

Symptomatology of+G z acceleration 

Table 11 gives a synopsis of the effect of G z -acceleration on the 
human body and several functions. 

Physiological and physical factors which affect +G Z 
acceleration tolerance 

Factors which lower+G Z acceleration tolerance 

Unfavorable personal characteristics are: tall stature, large heart- 
to-eye distance, small body mass, high vagal reactivity (particularly 
a low heart rate), above average vegetative reactions, low emotional 
stability, as well as a low or absent achievement motivation. 

Tolerance is also reduced by the following health issues: low 
blood pressure, decreased oxygen content in the blood, varicose 
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Table 11. Symptoms Caused by the Effects of +G Z Acceleration 


Magnitude 
of +G Z 
Acceleration 

Objective 

Symptoms 

Subjective 

Sensations 

Capacity to Act 

2 

Increased pressure 

Feeling of 

Difficulty with purposeful 


of the body onto 

heaviness 

movements (temporal 


the seat, drooping 

of the hands 

and spatial), larger 


of the soft parts of 
the face 

and feet, 
tension in 

the face 

amplitudes of motion 

3 


Intensified 
feeling of 
heaviness 

Increased heaviness 
of arms and legs 
making movement more 
difficult; normal seating 
position more difficult 
to maintain; exiting the 
airplane not possible 
without auxiliary systems 

4 

Initial visual 
disturbances, 
usually a 
restricting of 
visual field 
("tunnel vision") 
and blurring of 
the instrument 
panel ("foggy 
vision" or grey 
curtain = grey-out) 


Difficulty of movement of 
the extremities without 
support esp. over head 
movements of the hand; 
substantially lengthened 
action times 

4 to 5 

Visual disturbances 
in 70% of the 
pilots, essentially 
peripheral vision; 
after 5-6 seconds 
also disturbances 
of central vision 
(black curtain = 
blackout); aural 
reception intact 

Increasing 
feel of 
heaviness 
in the 

whole body 



(Continued) 
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Table 11. ( Continued ) 


Magnitude 

of +G Z Objective Subjective 

Acceleration Symptoms Sensations Capacity to Act 

as well as temporal 
and spatial 
orientation and 
ability to 

cooperate; during 
a plateau phase of 
acceleration, 
shortly after 
8-12 seconds, 
the intensity 
of the visual 
symptoms 
decreases 

5 to 6 The flexed head with 

protective helmet can 
be lifted only with 
difficulty 

to 8 With good support of 

arms and hands, small 
movements of the thumb 
(keyboard!) and the 
hand (control lever!) 
are possible 

to 12 Sitting position still 

ensured 


veins, hemorrhoids, inguinal and umbilical hernias, stomach and 
intestine illnesses, infections, cataracts, severe myopia, degenerative 
changes in the spinal column, and disturbances of the heart and cir¬ 
culatory system. 

Tolerance is further impaired by problems in the workplace or 
in the pilot's personal life. Nutritional problems are also impor¬ 
tant. Other negative factors are: a lowered oxygen partial pressure 
in the arterial blood, hyperthermia, dehydration, a full stomach, 
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gas-producing and heavy meals, decreased blood sugar values, 
consumption of alcohol, heavy nicotine use, tachypnea, fatigue, 
uncontrolled medicine use, poor physical conditioning, unsatis¬ 
factory aeronautical training, frequent exposures to acceleration, 
and motivational issues. Particularly unfavorable is a combination 
of the above factors. 

Methods and means to increase +G Z acceleration tolerance 

— Physical (mechanical) methods 

Pneumatic anti-g-suits and/or anti-g-trousers: such special flight 
clothing can be used as a solitary unit or integrated into high-alti¬ 
tude pressurized suits. Control is via inertia-dependent automatic 
controllers (usually from +2 G z ) or single solenoid valves or elec¬ 
tronically steered valves, and results in tolerance increased by 
+0.8 G z to +2.5 G z . The physiological effects of this acceleration 
protection equipment is on the internal organs, resulting in an 
improvement of the venous return flow, an increase of the arterial 
(especially systolic) blood pressure, and a high riding diaphragm 
(minimizing downward heart displacement). 

Changes of body position can also increase acceleration toler¬ 
ance to a substantial extent: a forward inclination of the trunk of 
around 10-25°, or a rearward inclination up to 30°, can result in 
an increase of tolerance by approx. +1 G z . The physiological effect 
of these countermeasures results from a reduction in hydrostatic 
pressure. Positive pressure respiration: increasing atmospheric air 
pressure by around 6 kPa (45 mmHg) can improve acceleration tol¬ 
erance by approx. +2 G z increase. The physiological effects occur 
because of an increase in intrapulmonary pressure, due to active 
exhalation; unfortunately, it also causes fatigue rather quickly. 

— Physiological methods 

The primary physiological methods utilized are the "muscle pump" 
(the leg musculature), to facilitate venous return, and Valsalva 
maneuver, to increase intrapulmonary pressure and intracranial 
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circulation. The appropriate muscle straining and/or breathing 
maneuvers are practiced by jet pilots during aeronautical training. 
In addition, the inhalation of pure oxygen or 0 2 -C0 2 mixture 
(with 7% C0 2 ) increases the tolerance by approximately +1 G z . 

Physical training is directed toward enhancement of maxi¬ 
mum force tolerance, high-speed strength training, and force 
perseverance, rather than long-term perseverance. 

— Training on human centrifuge 

Principles of training are based on: gradual increase of accelera¬ 
tion exposures, repetition of exposures, and inclusion of maximal 
and submaximal acceleration values. The physiological effects 
develop by adjustments to small acceleration increments, as well 
as improvement in the use of the techniques of muscular strains 
and breathing maneuvers. 

— Aeronautical training 

Standards for maximum acceleration and number of daily flights 
take into consideration the climate, the air temperatures and the 
flight control features of the aircraft type. 

— Use of pharmacologic means 

Use of psychotropic substances and sympathomimetic substances 
can increase tolerance by over +3 G z for a duration of up to three 
minutes. Due to stimulation of the central nervous system, physi¬ 
ological effects occur, such as faster vegetative responses and 
decreased reaction times. 

— Combined utilization of different means and methods. 


Performance with +G X Acceleration Effects 

The +G X accelerations occur constantly in normal civil flight opera¬ 
tions, but due to the low (+0.5 to +2.0 G x ) accelerations involved 
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during take off and horizontal flight, they play a small role. Taking 
off with auxiliary jets and on aircraft carriers may increase the 
values to +4 G x . 

The hemodynamic effects are small: central venous pressure, car¬ 
diac stroke volume and mean aortic pressure rise little, however, car¬ 
diac arrhythmias arise frequently, due to the stretching of the right 
atrium. Because of deformations of the eyeballs, visual disturbances 
can also occur. 

The reserve volume and vital capacity of the lungs are reduced 
due to the increased pressure of the abdominal organs on the 
diaphragm (by slight rearward pressure). 

The subjective symptomatology and the possible reductions in 
the capacity to act can be summarized as follows: 


+3 to +5 G x : 
+5 to +10 G x : 


+6 to +10 G x : 
+8 G x : 

+10 to +15 G x : 


+20 G x : 


a pressure feeling in the thorax and a noticeable 
slightly labored breathing; 

an acute and vague pain develops in the lower third 
of the sternum and epigastrium that often radiates to 
the lateral side of the chest, and is worsened with 
inspiration; 

tolerance is still relatively good, with effective times 
of several minutes (space travel!); 
raising the arms and legs becomes impossible; 
substantial difficulties arise, breathing becomes dif¬ 
ficult; finger movements and small amplitude move¬ 
ments of the wrist are still possible; 
clouding of consciousness and unconsciousness, 
which can continue up to 24 hours, proved by rapid 
head movements; after termination of exposure, 
residual feeling of dizziness, nausea, trembling of 
the eyes, and a degree of disorientation. 


Performance with -G x Acceleration Effects 

Negative accelerations (decelerations) of -0.5 to -1.0 G x , which 
occur during normal flight operations, play a small role, and arise 
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only from brake applications during horizontal flight and landing. 
Higher values of -2 to -4 G x can be achieved by strong and brief 
brake applications, such as on aircraft carriers. During aircraft acci¬ 
dents, values of -5 to -8 G x can be attained, for approximately two 
seconds. Reserve volumes and vital capacity of the lungs are reduced 
in the inverted position. 

The subjective symptomatology and the possible restrictions of 
the capacity to act can be summarized as follows: 


to -4 G x : 

-4 to -7 G x : 
from -7 G x : 
-8 G x : 

-15 G x : 


hardly noticeable disturbances; 
small impediment to respiration; 
extension of the legs; 

head and trunk are moved forward rapidly; 
shoulder belt holds the body, but head is hurled onto 
front chest wall. 


During continuous acceleration, blood is displaced from the trunk up 
to the head, pain develops in the arms and legs, punctiform bruises 
(petechiae) develop, and respiration is affected. 

Flying in the prone position produces breathing difficulties, nasal 
secretions, increased salivary output and lacrimal flow, and tugging 
effects on the lower eyelid. 


PERFORMANCE AND TOLERANCE OF SENSORY 
SYSTEMS 

Vision Problems in General Aviation 
as an Ordinary Referral 

As a general principle, it can be said that the continuation of aVFR flight 
(Visual Flight Rules) from VMC (Visual Meteorological Conditions) into 
IMC (Instrument Meteorological Conditions) is responsible for approxi¬ 
mately 25% of all fatal general aviation accidents. Visual flight rules are 
established on the basis of the cloud base (average height of the lower 
surface of the cloud layer above ground) and by visibility. 

During flights over open water, groundswells are possible even 
with zero wind. Local winds can produce an additional secondary 



116 


D. Wirth and E. Rumberger 


wave system, which overlays the groundswell on the water surface. 
The groundswell (primary wave system) is identifiable at best from a 
flight altitude of approximately 2000 feet, and the locally-developed 
second wave system from a flight altitude of 1000 feet. During flights 
over deserts, the change in diurnal atmospheric pressures can 
become problematic. The visibility in the morning can be quite good 
at low temperatures, whereas by noon, flickering temperature layers 
develop in the radiating heat. This can cause many optical illusions 
(fata Morgana features, e.g., illusion of a lake with islands, or distant 
mountains appearing much closer than they are). These optical 
deceptions are further strengthened by a lack of natural points of ref¬ 
erence. The illusions can be so realistic that they can even be pho¬ 
tographed. Furthermore, reflections from sand, glaring light and 
violent wind currents can cause a temporary reduction in visibility, 
especially during twilight and at night. Eye protection is therefore 
essential. If possible, polarizing sun glasses should be worn during 
flight. 

Other visibility problems can arise from various kinds of fog, 
which can develop within a few minutes, and may reduce visibility 
at ground level to below 5 km. Fog arises primarily in coastal regions, 
but can also arise in industrial areas, due to the presence of conden¬ 
sation nuclei (exhaust gases and other air pollutions). The formation 
of fog takes place when the air temperature is reduced to the dew 
point or by admission of additional humidity in close proximity to the 
ground. Other kinds of fog are radiation fog, advection fog, upslope 
fog, fog from precipitation, and ice fog. Vapor, smoke and fog can 
occur together. 

Further obstructions of vision can arise as a result of dust and 
sand. In stable air, dust can be carried up to a height of 5000 ft and 
distribute itself over large distances, thereby reducing visibility both 
at ground and at altitude. Flying sand is rarely carried higher than 
50 ft, yet visibility in a sandstorm is near zero. 

Finally, direct precipitation (rain) needs to be mentioned, 
although visibility is rarely reduced below 1.5 km. Drizzling rain and 
snow reduce visibility and may interfere with the determination of 
the boundary of cloud layers. 
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The Visual System 

Vision is the most important sensory system for flying, as more than 
90 % of all information relevant to flight operation reaches the pilot 
by means of the eye. The pilot must see the instrument panels in the 
cockpit and must be able to observe and analyze the area around the 
moving airplane. Therefore, the pilot must be able to resolve signals 
in form and in situation, i.e., have appropriate visual acuity. He must 
discriminate different colors, be able to detect signals arising in the 
periphery, be able to judge signals while in motion, and to discern 
the horizon. 


Visual acuity 

In order to quantify the capacity for signal resolution, thresholds 
must be defined, which can then serve as useful units of measure¬ 
ment. Several such thresholds are appropriate for the concept of 
visual acuity. 


Point visual acuity 

Point visual acuity is defined as the ability to recognize an individual 
point against an otherwise uniform background. It may be quite 
important in daily life. One can imagine a situation where another 
airplane is flying at a great distance, and the pilot's eyes "squeeze" 
this image together into a point. With the involved airspeeds, the per¬ 
ception of this point and the determination of the associated distance 
are of great interest. In everyday clinical life, however, the point 
visual acuity is not examined. 


Visual acuity of separation 

Visual acuity of separation, or resolution visual acuity, is defined as 
the ability to discriminate two closely neighboring points as separate. 
This is one of the most important criteria for signal identification. The 
unit of measurement is the angle subtended by the two points, still 
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just barely visible as two, at the fovea of the eye. It is referred to as 
the Minimum Angle of Resolution (MAR). It usually has a value of 
about 1 minute of arc. The reciprocal value of the measured thresh¬ 
old angle is called the visus. Many people, particularly the young, 
have a visus > 1, i.e., the MAR is smaller than 1 minute. The retina 
cannot resolve equally well along its entire surface. The maximum 
discrimination occurs in only one area of approximately 1° in diam¬ 
eter, the fovea centralis. This represents the intersection of the fixation 
line with the retina. If the image moves away from the fovea to the 
retinal periphery, the resolution becomes increasingly poor. At a dis¬ 
tance of 20 cm from the eye, the clearly visualized area has a diam¬ 
eter of approximately 3.5 mm, while at a distance of a meter, it is 
about 1.7 cm. This means that reading cannot be accomplished with¬ 
out eye movements, nor can the cockpit instruments be easily dis¬ 
cerned at this distance. The eyes move very fast and are precisely 
directed. Certainty necessitates a structured area, so that specific fea¬ 
tures can provide orientation. An array composed of perfectly identi¬ 
cal units will lead to greater search image errors than one that is 
composed of units that are dissimilar. This is very important for rapid 
reading of check lists and maps. 

The retinal periphery, composed primarily of rods, has a hori¬ 
zontal field of approximately 150° and a vertical one of 120°, pre¬ 
sumably functioning as a detector of important stimuli. It reacts to 
slow changes of retinal image position. By rapid and accurate sen¬ 
sory interconnections, the eye is guided in such a way that the image 
falls on the fovea centralis and can, therefore, be analyzed. The 
period of fixation can last between 0.2 and 2 seconds and can be 
extended, if necessary. Vision is therefore coupled to continuous eye 
movements. Every day experience demonstrates that these eye move¬ 
ments are not burdensome and therefore do not lead to asthenopia, 
the consequences of which are visual symptoms, such as blurred 
vision, headache, lack of concentration, lacrimation, and, in severe 
cases, migraine and photophobia. These symptoms develop when, 
during the course of normal feedback of operational sequences of eye 
movements, arbitrary or compensatory intervention occurs. When a 
signal cannot be recognized and interpreted clearly, the normally 
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short period of fixation can be extended, which can impair flight 
safety. In order to avoid such situations, symbols must be large 
enough to be above threshold for clear visualization, but not too 
large to extend beyond the fovea centralis and, therefore, exceed the 
area of sharpest visual acuity. 

Contour visualization 

Discrimination is impaired if the distance between symbols becomes 
too small. People with a normal visus of 1 need 4' distance for the 
optimal discrimination. This critical distance becomes greater with 
diminishing visual acuity. 

Localization visual acuity 

Localization visual acuity is defined as the smallest recognizable 
change of the spatial relationship of two objects to one another. 
Nonius visual acuity is defined as the ability to distinguish two lines, 
one exactly above the other. Accuracy up to 10 seconds of arc is 
possible. 

Dynamic visual acuity 

To maintain permanently sharp images, the eye must follow moving 
objects in order to keep the image in the fovea centralis. Rates of 
motion greater than 20-30°/s result in slippage of the image. Fast sac- 
cadian movements restore the image briefly onto the fovea centralis, 
but at the expense of reduced discrimination. This reduction of visual 
acuity with rapid eye movements is variable among individuals. It is 
possible that experience plays a role. 

Depth perception 

Direct depth perception 

Direct depth perception is based on binocular stereoscopic vision. 
In this manner, the objects, which are momentarily outside the 
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Table 12. Performance of Depth Perception with Distant Accommodation 


Perceptive Spatial Difference 


Observation 
distance (m) 

Absolute (m) 

% of the Observation 
Distance 

5 

0.05 

1 

40 

1.2 

3 

100 

7.6 

7.6 

600 

275.2 

45.8 


accommodation zone, are projected incongruently onto the retina. 
Horizontal disparity corresponding to about 10 seconds of arc pro¬ 
duces distance perception and corresponds to a "double image" 
coverage on the retina of < 1 //m. 

The augmentation of the parallax (angle between the connecting 
lines of object perception areas) can be achieved beyond the pupil¬ 
lary distance with a stereotelescope (approx. 6.5 cm). 

Horopter is defined as the totality of all points in the environment 
that, at a given eye position, are projected on corresponding points 
of the two retinae. 

Objects positioned further away are projected onto the retina as 
uncrossed double images (from the retinal center inward nasally), 
while closer objects project as crossed double images (from the reti¬ 
nal center outward nasally). 

4.2.2.2 Indirect depth perception 

Indirect depth perception mechanisms are called into play when 
monocular vision indirectly assesses spatial depth based on experi¬ 
ence and judged by specific optical impressions. Effective mecha¬ 
nisms are: geometrical perspectives, motions of individual objects in 
relation to each other, the reduction of outline clarity and color 
intensity with increasing distance, as well as the shadows cast by the 
direction of object illumination. Distant objects appear blurred and 
bluish due to dust and atmospheric humidity. Distances can be 
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underestimated in dean dry atmosphere due to the lack of such 
dimming. 

Contrast vision 

Simultaneous contrast 

The perception of a surface is affected by its environment because 
of lateral inhibition in the retina. Lateral inhibition between the 
retinal center and the periphery involves the horizontal cells. 
Because of lateral inhibitory mechanisms, the retina produces 
concentric and antagonistic receptive fields which result in con¬ 
trast enhancement. 

In ophthalmologic medical practice, visual acuity is measured by 
utilizing high contrast (85%) optotypes. Diminished contrast reduces 
visual acuity. For that reason, characters displayed on a monitor are 
more difficult to recognize than those of equal size in a well-printed 
book. 

Successive contrast (after-images) 

When aborting a fixation of approximately 30 seconds, an after¬ 
image appears, which is of opposite brightness or of contrasting color 
due to a local photochemical and neural adaptation. 

Gradual movement contrast is defined by the observation that, 
following lengthy viewing of a moving pattern, there is an illusion 
that a stationary object moves in the opposite direction. 

Refraction and accommodation 

Accommodation 

Whether the image of an object really projects on the retina, depends 
on the distance of the object and on the refraction of the eye. The formula: 
1/f = 1/g + 1/b applies, where by f = focal length; g = object distance, 
b = image distance. From this, it follows that for any given focal length, 
an object can be projected onto the retina only if it is at a certain 
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distance from the eye. Emmetropia is achieved when an image of 
an infinitely distant object falls exactly onto the retina, and when 
there is a rear focal length of 22.7 mm. This infinite object distance is 
relatively small because the short focal length of the eye produces a 
wide-angle camera effect with great depth of focus at greater dis¬ 
tances. If the object approaches the eye, the image distance becomes 
longer, and the image is projected behind the retina. A sharp image 
therefore requires a shortening of the focal length. A blurred image is 
the initiating stimulation for the contraction of the ciliary muscle to 
induce accommodation. From an extreme near point to infinite view¬ 
ing, a time interval of 0.4 to 0.5 s is required. 

This accommodation ability is age-dependent and decreases with 
increasing age. In children it amounts to 12 diopters. Presbyopia is a 
completely normal process. Fifty-year old people have a residual 
accommodation of 1-2 diopters, which indicates that an object must 
be held at 50 cm to one meter from the eye in order to be seen 
clearly. Therefore the commonly heard joke that the eyes do not 
change with age, but the arms become too short, should lead to the 
following consideration: 

a) The closer the object is to the eye, the larger is the visual angle 
and the higher the demand on the refractive power of the lens. 
The older person just cannot relax his lens enough to focus a near 
object clearly onto his retina. 

b) Vanity makes it difficult for many people to accept presbyopia 
and utilize near vision glasses. This becomes relevant not only 
after the age of 50, but already in the early 40's, especially in 
those with a degree of hypermetropia. Near vision glasses reduce 
the near point distance, but do not enlarge the area of visual acu¬ 
ity or the accommodation depth. Therefore, eyeglasses with 
graduated refraction may be necessary. 

A ccommoda tion-con vergence coupling 

For clear near vision, a convergence of the eye axis is necessary. 
Convergence and accommodation are not controlled independently, 



Fundamentals of Aviation Physiology 


123 


but each accommodation process is coupled with a vergence 
motion: accommodation-controlled convergence as each vergence 
motion is connected with accommodation. If accommodation is pro¬ 
longed because of blurriness of the image, the extraocular muscles 
can fatigue, thus leading to eyestrain. 

Visualization in an aircraft cockpit is characterized by visual dis¬ 
tances of 60-80 cm to the instruments. The additional high density of 
informational displays makes this a comparable situation to a PC 
workstation. Accommodation is particularly stressed because of the 
continuous changes in visual distances required when viewing inside 
and outside of the cockpit, as well as by the requirements of instru¬ 
ment flight. 

Refractive errors 

A main point distance of 1.4 mm to the apex of the cornea, plus the 
22.7 mm rear focal length of the eye, determines a bulbar length of 
24.1 mm for clear vision. Many people's eyes do not have this rela¬ 
tionship between the bulbar length and the focal length. This results 
in decreased visual acuity, as clear projections are possible only 
under certain circumstances. In general, such refractive errors are the 
most common cause of reduced visual acuity. 

In myopics, the bulbar length is too long in relation to the focal 
length. Images of distant objects are projected in front of the retina. 
The object can be brought very near to the eye without accommo¬ 
dation. The far point lies in finiteness near the eye. With dispersion 
(concave) lenses, this "relatively too-short" focal length will be 
lengthened. Because of accommodations-convergence coupling, 
these glasses should also be used for reading. 

Hypermetropia (hyperopia) exists if the bulbar length is too short 
in relation to the focal length. The eye compensates with the help of 
accommodation, even in distant vision. However, eyestrain can occur 
because of this accommodation-convergence coupling. In other 
words, hypermetropia should be corrected. 

Astigmatism is another anomaly of refraction. The refractive 
power of the cornea is distributed unequally throughout the cornea. 
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Physiologically, this applies to the horizontal and vertical layers. 
Vertically, the cornea is somewhat more strongly curved and, 
thereby, has a somewhat larger refraction than horizontally. 
Therefore, symbols with more vertical information, such as the letter E, 
have a higher threshold value than symbols that have horizontal ori¬ 
entation, such as the letter H. This can lead to difficulties at thres¬ 
hold boundaries. When symbols are recognized, the gaps are filled 
in with experience, knowledge, and imagination. The 40-year-old 
pilot with an accommodation of 4-5 diopters can get by just fine in 
every day life, but is particularly at risk, because of focusing difficul¬ 
ties in borderline situations. 

Light and dark adaptation 

Flight often involves drastic changes in brightness. While the adaptation 
to brightness occurs relatively fast, taking not more than 8 minutes or 
so — complete dark adaptation can take substantially more time 
(30-45 minutes). Generally, though, sufficient dark adaptation occurs 
within approximately 5 minutes. 

Several mechanisms for adjustment to surrounding luminosity are 
at the eye's disposal: 1. the pupil diameter, 2. adjustment of sensitivity 
of individual sensors, 3. rod-cone dualism. 

The amount of light entering the pupil can be changed by a fac¬ 
tor of 1 6. Both extremes of pupillary diameter reduces visual acuity: 
1. The larger the pupil, the more apparent the physical aberrations 
of the spherical lens become. Light rays at the edge of the lens are 
more strongly bent than in the center, and images therefore become 
blurred. The eye does not compensate for this lens aberration any 
differently than an expensive camera lens. In addition, visual acu¬ 
ity is reduced with a large pupil. 2. Small pupils from strong light 
exposure decrease image quality due to diffraction rings. 
Constriction of the pupil in light adaptation following maximum 
dark adaptation can take several seconds to minutes, although 
90-95% of pupillary reaction can be achieved within 0.5 seconds. 
Complete pupillary dilatation from dark exposure can take up to 
approximately 17 minutes. 
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The sensitivity of the cones produces relatively rapid adaptive 
responses. If the light intensity falls to below 10 lx, the cones are sub¬ 
threshold. At this point, the rods become responsible for vision. In 
dark conditions, their threshold drops to 0.01 lx within 40-50 min¬ 
utes. Their peak response is at a wavelength of 510 nm, and that of 
the cones is at 560 nm. This results in an achromatic transition inter¬ 
val from the scotopic to the photopic adaptation: red light excites the 
rods only slightly and results in marginal color distinction, while 
green and blue hues can only be seen in gray tones and require 
greater illumination for more distinct color definition. 


Myopia as a result of altitude 

Pilots flying at high altitudes lack terrestrial orientation references 
and are constantly looking at their instruments in the cockpit. This 
leads to a permanent close accommodation of the eyes, resulting in 
the so-called myopia of altitude. Consequently the pilot does not see 
objects at great distances as well, and notices approaching flying 
objects substantially later, than when flying at lower altitudes. 

Sensory latencies 

The so-called "blind zone" is due to the sensory latency of the retina, 
resulting from the time involved in the photochemical process in the 
retina, to the conduction of action potentials into the cerebral visual 
cortex. In humans, this amounts to approximately 0.3 seconds and 
has no negative effects upon the processing of visual information 
under normal terrestrial conditions. During flight, this can lead to a 
temporal disparity between actual situations and conscious optical 
perceptions. The consequence is that the pilot has a "blind zone" in 
front of him of some 20 m, which he does not see until after having 
flown over or through it. 

If objects are noticed by the retinal periphery and, therefore, 
additional fixation movements and accommodation procedures are 
utilized, the times for signal perception and transmission increase 
steeply, approaching values of 1.0-1.5 s (so-called sensory latency of 



126 


D. Wirth and E. Rumberger 


low order). At an airspeed of Mach 1, this would correspond to a 
blind zone of 300-500 m. 

Furthermore, it should be taken into consideration that the pilot 
must attach a flight-specific meaning to these perceptions, as at an 
airspeed of Mach 1 a distance of over 1 km can be overflown 
("sensory latency of higher order") before it is seen. 

As the time until flight-dynamic activities increase becomes longer, 
safety margins of approximately 2 km to objects in the proximity of 
the flight path should be maintained. 


Night vision 

Night myopia and presbyopia 

With low visual field illumination, the phenomena of night myopia 
and night presbyopia arise when the pilot looks outside the cock¬ 
pit, or even onto a dimly lit panel. The far point moves closer to the 
eye, the near point moves further away from the eye. This pheno¬ 
menon is particularly unpleasant and becomes apparent in pilots 
with early presbyopia and in insufficient lighting. This phenomenon 
is caused by the absence of incentive for accommodation in a 
structureless area. Accommodation is in effect in a resting position, 
as it is adjusted not in the infinite, but rather in the range of 2-5 m. 
More time and a greater innervation effort is required to go from 
this resting position to an accommodation activity than would be 
necessary for changes of accommodation within a structured area. 


Achromatic interval 

In order to be able to perceive colored objects, illumination must 
exceed the threshold of the cones. The degree of the light intensity, 
which increases the perception from gray tones (via the rods) to col¬ 
ors (via the cones) produces different brightness intervals (achromatic 
intervals), and varies subjectively for different colors. Because of the 
relative insensitivity of the rods for red and red-orange, these colors 
can excite only the cones and are therefore suitable as unambiguous 
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signal or warning lights in conditions of twilight and darkness. 
However, this achromatic interval is relatively large for green, blue 
and intermediate colors. 

Vision after light flash (glare) 

Light adaptation takes place within a few seconds, during which time 
the pupils reflexively constrict and rhodopsin disintegrates. Glare is 
caused by sudden light of high intensity occurring during existing 
dark adaptation. As glare occurs separately for each eye, closing one 
eye can be protective. 

As a consequence, it is recommended that for flight during thun¬ 
derstorms, viewing should be restricted to the inside of the cockpit, 
and ambient lighting should be increased. If viewing outside the 
cockpit is necessary, one eye should be kept closed. 

Glare represents the most frequent cause of asthenopia com¬ 
plaints, particularly at the computer screen. Generally the cause is a 
disproportion of the light densities in the visual field. 

The source of greatest glare is the sun. Three main forms can be 
differentiated: absolute glare, relative glare and reflected glare. 

Absolute glare is directly related to the source of the light, either 
by an unfavorable placement of the light source, or by its overall 
intensity. Fluorescent lamps have a lower intensity than light bulbs, 
as the flux radiates out evenly over a large surface, creating minimal 
glare. Glare is further reduced by arranging the lights parallel to the 
line of sight, by utilizing a diffusing cover, and by arrangement of the 
lamps to be out of the line of sight. 

Relative glare develops when there is a large brightness differen¬ 
tial within the field of vision or if multiple demands for adaptation are 
placed upon the eye. Light intensity between the work object and the 
immediate environment should not be greater than 3:1, nor greater 
than 10:1 between the work object and the distant environment. 

Reflected glare is caused by reflection from smooth surfaces, 
when the beam of light and the viewing angle are equal. This distur¬ 
bance can be alleviated by a change in the direction of the beam of 
light, by use of matt surfaces (e.g., matt working documents), by wide 



128 


D. Wirth and E. Rumberger 


lights with low brilliance, by reducing reflective light angles or by 
indirect lighting. 

Color vision 

Signals which convey information by color are every day occur¬ 
rences, but they also play a significant role in air traffic. The high den¬ 
sity arrangement of the cones within the fovea centralis is responsible 
for color vision. This density decreases in the periphery, so that accu¬ 
rate color discrimination is not possible if the image falls onto the 
retinal periphery. The sensation of green is particularly limited, while 
red can still be recognized. The visual field is greatest for blue and 
yellow. 

The various color impressions are produced by stimulation of 
different patterns of cone types, which can be depicted by color 
equations, such as Crassmann: 

a (red) + b (green) + c (blue) = color. 

a, b and c are the weighted factors for the individual addendum, the 
sum of which is 1. According to international agreement, red is 
defined as wavelength of 700 nm; green as 546 nm and blue as 435 
nm; white requires equal proportions of the components. In other 
words each is a third (0.33) of the whole. 

The eye can discriminate between individual colors very well. 
Within the range between 580 and 610 nm, a 1 nm change in wave¬ 
length is sufficient to produce another color impression. The percep¬ 
tion of a color assigned to a particular wavelength changes with 
adaptation. By removing brightness, the yellow and blue spectral 
ranges become more narrow, while the ranges for red, green and vio¬ 
let become more broad (Bezold-Brucke phenomenon). 

Chromatic aberrations are not corrected in the eye. This amounts 
to nearly two diopters within the visible spectrum range. An eye 
which is emmetropic for the wavelength of 600 nm has a myopic 
diopter of about 1.5 for 450 nm, because the short-wave light is more 
strongly bent. Colored symbols on a screen always require some 
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degree of accommodation. Short-wave lights, particularly violet, can¬ 
not be resolved sharply while, on the other hand, the visual acuity for 
monochromatic light is somewhat greater than for white light of 
mixed wavelengths. 

Eye movement 

Eye movements are critical for the perception of the environment, 
and for this purpose they serve to project and analyze objects of 
interest onto the fovea centralis. There are three different eye move¬ 
ments: the version, the vergence and the rotation. The axes of the 
eyes run in the same direction in version, counter to each other in 
vergence, and rotate in the axis of vision in the rotational motion. 
Optical orientation in space requires horizontal position of the reti¬ 
nal horizon. With a lateral inclination of the head, the vestibular 
organs compensate by initiating a rolling of the eyes in order to keep 
the horizon in place. Movements can be controlled by optical and 
proprioceptive afferent activity. If such optical cues are absent, as 
when flying into clouds, the vestibular information is not adequate 
for maintaining spatial orientation, resulting in a two-dimensional 
experience. 

Saccadian eye movements are jerky movements from one visual 
fixation point to another, lasting 10 to 100 ms. The amplitude of these 
movements can vary from a few angular minutes (microsaccadian 
movements) to many degrees. Angular speed can attain 200-600 
degrees per second. This movement has no perception associated with 
it, contrary to the case when the eyeball is moved by being pressed 
with one's finger. The new fixation point is held for 0.2 to 2 s. If longer 
fixation is required, it is perceived as an exertion. During this fixation, 
the eye is not motionless. It exhibits a fine tremor of 70-90 cycles per 
second, with an amplitude from 10-15 angular seconds. In addition, 
the eyes drift with a speed of 0.1 degrees per second from the line of 
fixation. Microsaccadian movements bring the image back to the point 
of fixation. These micro movements correct adaptation processes 
within the retina. With accurate fixation, the perception of the image 
disappears within fractions of seconds (Troxler phenomenon). 



130 


D. Wirth and E. Rumberger 


With these pursuit movements, the image of the object is pro¬ 
jected onto the fovea centralis, and maximum angular speeds of 
80 degrees per second can be achieved. If the object moves faster, 
corrections are made with saccadian movements. Because of sup¬ 
pression of perception, dynamic visual acuity is diminished. Optical 
nystagmus is the situation where an evenly paced pattern moves in front 
of the eye and pursuant movements alternate with retrograde saccadian 
movements. The effect of moving alternating stripes in front of the eye 
can be measured, and used for the examination of visual acuity. 

Vestibular nystagmus occurs when the semicircular canal system 
stimulates eye movement. Its task is to maintain the position of visual 
fixation during movement of the head in order to retain spatial orien¬ 
tation. Larger angles of rotation require corrective action by saccadian 
movements with appropriate suppression of perception. For this rea¬ 
son, visual acuity decreases with head movements. This is very promi¬ 
nent during vibrations and turbulence in an airplane. 

Due to their limited near vision, presbyopics will compensate 
with increased head movements, thereby further decreasing their 
visual acuity. 

Vision of movement 

Closely related to eye movement is the perception associated with 
visualization of moving objects in space. In both circumstances, pix¬ 
els change positions on the retina. Nevertheless, the brain knows 
whether it is the eye or the object that has moved. In order to inter¬ 
pret the retinal image, the brain always consults with the motor cen¬ 
ters, the pons and the cerebellum. Lack of such additional 
information can create miscalculations. 

Location change of an object is perceived as movement if the 
angular speed is at least 1-2°/s. A higher threshold exists if a light 
spot moves in a dark room. For the perception of movement to occur, 
the change in position of objects relative to each other is continu¬ 
ously appraised. 

Recognition of direction of movement is possible only up to 
angular speeds of 600°/s. The threshold of movement perception is 
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appropriately higher in the peripheral visual field, but even so it 
reacts more sensitively. 

Head and eye movements are initiated here: for slow movements — 
the eyes lead, for fast movements — the head precedes the eyes. 

This process exhibits adaptation. After sustained visualization of 
a moving object, a stationary object will seem to move in the oppo¬ 
site direction (successive movement contrast). 


Vision performance of the pilot 

Daytime vision (scanning technique) 

— Characteristics 

In order for maximal visual acuity to be achieved, the object is 
fixated for at least one second by aligning the optical axis of the 
eye to the object. Outside the range of 5° beyond the line of sight, 
primary visual acuity is diminished, and only movements further 
away are noticed. 

— Physiological basis 

The clearest projection of an object occurs in the central retinal pit, 
where the highest cone density exists (triangularic mosaic with a 
minimum dual cone spacing of 2.8-3.0 and a cone row spacing 
of 2.4-2.6 pm). The resolution power of the eye amounts to 1/60°, 
whereby the minimum distance between two excited cones amounts 
to 5 pm, and a non-stimulated cone must lie between them. 

Nonius visual acuity is decidedly better than point visual 
acuity, which takes place by way of subsequent complex process¬ 
ing in downstream neural networks. 

With diminishing light intensity, a functional enlargement of 
the receptive field center (for effective excitation summation) takes 
place in the entire retina. 

Negative impacts on daytime vision include: changing visual 
distances (looking alternatingly at the cockpit instruments and at 
airplanes in the sky), "stress" due to high performance requirements 
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in the cockpit (mental work), fatigue, poor cockpit layout, per¬ 
formance limitations from external flight-specific causes (oxygen 
deficiency, acceleration), limited aeronautical training and experi¬ 
ence. (The eye unconsciously scans a boundless area outside the 
cockpit scarcely further than the distance from the instrument 
panel; therefore a student pilot will see fewer airplanes outside the 
cockpit than a flight instructor.) 

Night vision 

— Characteristics 

Eccentric fixation: Weakly illuminated objects do not fixate cen¬ 
trally, i.e. the line of sight must be consciously held 10-15° 
beyond the object. There is no rigid line of sight in such a situa¬ 
tion: the image must rove around in various areas of the periph¬ 
eral retina in order for the object to be depicted. 

— Factors influencing night vision and light-dark adaptation 

Dark adaptation is complete after approximately 25 minutes, but 
visual acuity is, nevertheless, substantially reduced. (The light 
sensitivity of rods is about a thousand times greater than that of 
cones.) 

Local light adaptation takes place via differential illumination of 
retinal regions. 

Hypoxia reduces night vision of the rods above an altitude of 
5000 ft; hypoxia also infringes upon daylight vision and restricts 
the visual field. 

Nicotine reduces night vision. 

Spatial Orientation and Perception of Motion, Position 

and Attitude 


Physiological basis 

Spatial awareness and sense of movement derives informational 
input from several receptor systems, particularly from the organ of 
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equilibrium (vestibular organ), and from the visual and the proprio¬ 
ceptive systems. 

The labyrinthine system consists bilaterally of two macular organs 
and three semi-circular canals organs. The macular organs translate lin¬ 
ear accelerations, primarily gravitational accelerations (gravitational 
force) and, additionally, the centrifugal accelerations arising during 
flight. The three semicircular canal organs, which are arranged in three 
levels perpendicular to each other, translate rotational accelerations. 
Information derived from these 10 acceleration-sensitive structures cre¬ 
ates an image of three-dimensional spatial orientation and movements 
of the body. Apart from these specific impulses arriving from the vestibu¬ 
lar core, motion information from the visual, proprioceptive and other 
sensory systems also participate. This is why loss of a reciprocal 
labyrinthine system does not lead to a complete loss of the sense of 
motion. Additional information concerning head movement arrives par¬ 
ticularly from the visual system, and also from the receptors in neck 
muscles and joint receptors in the cervical spinal column. This conver¬ 
gence enables the nuclei vestibulares to code a wide range of head 
movement velocities into three dimensions. Furthermore, the vestibular 
centers have monosynaptic connections to the cerebellum and polysy¬ 
naptic connections through the thalamus to the cortex. The nuclei of the 
eye muscles and the spinal cord have rapid connections to these mono¬ 
synaptic motor projections, which are important for the reflexes 
involved in standing and locomotion. 

These multiple receptor systems and structures involved in spatial 
awareness and the sense of movement exhibit substantial adaptability, 
thus limiting the likelihood of misinformation. 

Spatial disorientation and illusions of vestibular origin 

Illusions caused by stimulation of the semicircular canals 
(angular stimulation) 

— The leans 

This is the most well-known form of spatial disorientation. It is the 

consequences of stimulation above and below sensory thresholds 
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and consists of a false sensation of bank when the aircraft is in 
level flight. The pilot believes he is flying level when in reality he 
is in an extended, coordinated turn, and after recovering (usually 
quite quickly) from this turn, i.e. flying level, again the pilot leans 
towards the direction of the turn, now erroneously perceiving the 
bank as the vertical axis. An equally incorrect sensation develops 
if a roll attitude is undertaken below threshold (usually uninten¬ 
tionally and with less than 2°/s 2 ) and then abruptly terminated. 

— Illusion of turning 

Upon terminating a constant "stabilized" rotation, the sensation of 
turning in the opposite direction occurs (Somatogyric illusion). 

— "Graveyard Spin" 

After approximately 30 seconds in a uniform spin, termination of the 
spin will result in a sensation of spinning in the opposite direction. If 
the pilot disregards the indications on the flight instruments, (artifi¬ 
cial horizon, altimeter, heading indicator, turn and slip indicator, rate 
of climb indicator), this illusion often leads to a ground impact. 

— "Graveyard Spiral" 

Flying downward in a coordinated curve is after some time per¬ 
ceived as level flight. When the pilot wants to adjust the low alti¬ 
tude, applying backward pressure on the control stick (pulling up) 
tightens the turn, but does not result in an altitude gain. 

— Coriolis illusion 

False information from the semicircular canal receptors on mov¬ 
ing the head during rotation may cause cross-coupled or Coriolis 
illusion. This is the most dangerous of the vestibular illusions, 
causing an overwhelming feeling of disorientation. It may develop 
during a sustained turn when the pilot moves his head in an 
upward or downward direction against the direction of the turn¬ 
ing airplane, such as can happen when switches are changed on 
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the side of the pilot seat. Similar effects can be created during a 
turn when the pilot rotates his head in order to look outside the 
cockpit. In either case, all semicircular canals are stimulated 
simultaneously and a feeling of a rolling motion develops, associ¬ 
ated with a strong sensation of "rise" or "fall" (tumbling). 

Illusions created by the macular organs 
(linear accelerations) 

— Illusion of climbing or descending (somatogravic illusion) 

Due to stimulation of the otoliths during inertial changes, an illu¬ 
sion of climbing develops during take-off or when accelerating in 
straight and level flight. The illusion of descending correlates with 
negative accelerations, e.g. with landing. Occurring predomi¬ 
nantly during instrument or night flight, it can be rapidly corrected 
by obtaining an outside visual point of orientation. 

— The elevator effect (elevator illusion) 

During a linear vertical acceleration, there is a corresponding 
downward movement of the eyes. Updrafts can create this illu¬ 
sion, causing the pilot to move the stick forward to compensate. 

Combined visual-vestibular illusions 

— The inverted jet phenomenon 

This is the illusion of climbing, or even of inverted flight, in pas¬ 
senger or cargo aircraft furnished with locked automatic flight 
controls (autopilot). Initiating conditions are: instrument flight 
weather or night flight (horizon not visible), flight into heavy tur¬ 
bulence, poor legibility of the instruments, and technical prob¬ 
lems with the autopilot. 

— Break-off phenomenon 

"Feeling of detachment" or "separation from the reality" appears 
predominantly in pilots of single-seat aircraft at altitudes over 
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30 000 ft, but may occur in helicopter pilots at flight altitudes 
below 1000 ft. Contributing factors are monotony, which can be 
substantial, and lack of optical stimulation, in addition to the char¬ 
acteristics of high-altitude flight. Consequentially, excitement rises, 
perception becomes impaired, and fear conditions (phobia) can 
appear. 

— "Flicker Vertigo" 

The light of the sun or from an artificial source can be interrupted 
by the rotation of the rotor or propeller of single-engine aircraft. 
Crew members have been known to have developed nervousness, 
nausea, headache, light-headedness, dizziness, spatial disorienta¬ 
tion, epileptic convulsions and unconsciousness from such flicker. 
Recommended counter measures are: changing the direction of 
flight, changing the rotor or engine speed, wearing non-polarizing 
sun glasses, switching the position lights to continuous operation, 
and turning the windshield wipers off. 


Vegetative reactions and motion sickness 

In principle, humans are not oriented toward dealing with slow and 
long lasting passive movements. On the other hand, humans have 
a large repertoire of head and body movements, which correlate 
with optical, proprioceptive and vestibular afferent activity for 
proper spatial orientation. Specific interconnecting neurons exist, 
ranging from the three-neuron reflex (n. vestibularis — connecting 
from the vestibular nuclei to the alpha-motor neurons of the extra 
ocular muscle), for the release of rotatory nystagmus. If these affer¬ 
ent activities do not reconcile with each other, such as is the case 
in moving airplanes (vestibular afferent impulses are excited, opti¬ 
cally nothing changes inside the airplane, also proprioception is 
unchanged), then increased further inquiries between the individ¬ 
ual centers create rising neuron activity. Such activities frequently 
break out over excitatory synapses of brain areas that participate in 
this coordination. If these unusual excitatory patterns reach 
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the hypothalamus or the central areas of the n. vagus, vegetative 
reactions, such as nausea, vomiting, drop in blood pressure, and 
rise of the heart rate, can be induced. This does not relate to pro¬ 
tective reflexes of the organism. 

This over-stimulation is caused primarily by excitation of the 
semicircular canals. Purely linear accelerations do not cause motion 
sickness, as this does not occur in humans with absent bilateral 
labyrinthine systems. Additionally, infants do not have motion sick¬ 
ness, as the afferent systems necessary for spatial orientation are not 
yet developed. 

Factors that Promote or Prevent Illusions During Flight 
Factors that promote illusions during the flight 

Objective flight conditions 

— Night flight: VFR flight into clouds and fog banks or confusion of 
natural sources of light (stars, moon) with artificial sources of light, 
or reflective effects from highly glassed airplane panels (e.g. F-16). 

— Alternating flight into and out of clouds: changing the optical per¬ 
ception from flight instruments to surrounding field can lead to 
conflict situations, which can be worsened by constant light or 
dark effects. 

— Restriction of visibility: rain, snow, sunshine, vapor and fog can 
further reduce visual capacity to the level of tunnel vision. 

— Transition from visual flight to instrument flight (VFR-IFR 
Transition): during visual adaptation, illusions and spatial disori¬ 
entation are possible. 

Psychological factors 

— performance load from other tasks or concerns 

— emotional demands, particularly in complicated flight situations 

— lack of information 

— conflicts within the crew and in relation to employer 

— very high motivation and a corresponding need to succeed 
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— excessive concern with each movement of the airplane, usually 
due to lack of flight experience and fear of illusions 

— diversion of attention from the instruments 

— lack of confidence in own capability 

— disturbance of mental balance and emotional well-being. 


Condition-reducing factors 

Sedentary lifestyle, excessive smoking, high consumption of alco¬ 
hol, acute and chronic lack of sleep, onset of an illness, in partic¬ 
ular upper respiratory infections, which can result in Eustachian 
tube malfunction and cause unilateral vestibular disturbance, as 
well as recovery from an illness. It should be emphasized that 
every day fatigue is a very substantial illusion-promoting factor, 
one that can easily lead to incorrect perceptions of orientation and 
movement. 


Training-related factors 

Insufficient experience with instrument flying, lack of knowledge of 
flight illusions, poor division of attention, intervals between flights 
greater than two weeks, inadequate proficiency in instrument read¬ 
ing, insufficient training in rapid transition from visual to instrument 
flight. 

Prevention of negative effects of a Coriolis acceleration 

— Direct prevention during flight 

Confidence in the flight instruments is essential. The unreliability 
of vestibular and pressure-mechanical information must be con¬ 
sciously considered. Head movements are to be avoided during 
the execution of rotating motion of the airplane. 

Spins must be limited (with beginners never over 5 s, with 
experienced pilots not over 30 s), a second spin may only be under¬ 
taken after the first one has faded away, i.e. after 5-11 seconds. 
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The execution of anti-g-maneuvers supports the avoidance of 
illusions by Coriolis acceleration. 

— Long-term preventive measures 

Physical and mental health as well as concrete knowledge of the 
physiological effects of flight are critical to avoid illusions. Activities 
that normally do not involve much in the way of subjective per¬ 
formance limitations can still have negative consequences. In the 
pre-flight period, exposure to strong sun, sweating, prolonged sit¬ 
ting, oxygen deficiency, alcohol, and fatigue should be avoided, 
as they can reduce acceleration tolerances. Ingestion of high fat 
meals and gaseous drinks, such as carbonated beverages, should 
be avoided before and during flight. 

PERFORMANCE AND STRESS LOAD CHARACTERISTICS 
IN AERONAUTICAL PRACTICE 

Temperature Extremes 

Hypothermia and functional effects 

The primary effects on vital functions are: respiration becomes flatter 
at body core temperature below 34°C and cease at a core tempera¬ 
ture between 1 6-20°C. Initially the heart rate and blood pressure rise 
until a core temperature below 34°C is reached, after which the heart 
rate and blood pressure decrease. Atrial fibrillation develops below a 
core temperature of 25°C. 

Unconsciousness occurs at a body core temperature below 30°C. 
Even though the metabolic rate decreases with falling body tempera¬ 
ture, a relative oxygen deficiency exists due to the increased oxygen 
consumption in the countermeasure phase at the beginning of 
hypothermia. 

Hyperthermia and heat injury 

Heatstroke is a dramatic consequence of the thermal effect and usu¬ 
ally occurs due to high ambient temperature in combination with 
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high humidity. Perspiration is suspended when the body core temper¬ 
ature reaches approximately 39°C, and at 41 °C loss of consciousness 
develops. 

Stages of the development of a heat stroke: 

a) "red stage" — compensatory strong blood circulation in the 
periphery of the body 

b) "grey stage" — cardiovascular collapse 

c) death — at a body core temperature of approx. 43.5°C. 

Hyperthermia can result in substantial losses of water and elec¬ 
trolytes, indispensable for the smooth operation of biological processes. 
Average total water absorption amounts to approximately 2.5 L per day, 
of which 1.3 L comes from ingested fluids, 0.9 L from the water content 
in the food, and 0.3 L from the water produced in oxidative metabolism. 
The evaporation from the skin (0.5 L) and the lungs (0.4 L), as well as 
the water required for the elimination of urine-producing substances 
(0.5 L), makes it necessary for an adult to drink at least 1.5 L water a day. 
A negative water balance, caused by decreased water absorption or 
increased loss of water, creates hypertonic dehydration, resulting in a 
rise in the osmotic concentration in the extracellular space. This leads 
to the extraction of liquid from the intracellular space. A loss of more 
than 20% of body water is related to a rise in body core temperature, 
anxiety, delirium, coma, and shock. 

Heat exhaustion develops at body core temperatures of approxi¬ 
mately 39°C, and in severe cases, symptoms of shock will ensue. 
Furthermore, heat cramps (muscle cramps) can occur due to saline 
deficiency (esp. in previously strained muscles). 

Hyperthermia of the organism and the impairment 
of psychological functions 

There is a certain hierarchy of impairment of psychological performance: 

a) decreased ability to perform complex tasks with high cognitive 
data processing requirements 
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b) sensory-motor performance decrements of complex activity in 
the areas of pursuit and compensatory tracking 

c) diminished performance in decision-making, and reduced vigilance 
in visual and auditory discrimination 

d) reduced coordination performance which rapidly results in auto¬ 
matic actions 

e) diminished simple cognitive performance with minor demands 
on memory. 

Keeping heat level and exposure times equal, the following indi¬ 
vidual variability can modify the effects of heat load: 

a) individual conditions for performance (gender, age, degree of 
acclimatization, clothing); 

b) conditional factors (such as air humidity, motivation and psycho- 
physiological status). 

The reduction in performance is dependent on the WBCT (Wet 
Bulb Globe Temperature), which is derived from weighting environ¬ 
mental dry bulb, wet bulb and globe temperatures, as well as the 
effects of the air humidity and the exposure time. The tipping point 
for decompensation is at a WBGT of approximately 36°C and 
40 minutes exposure. 


Circadian Periodic Functions and Psycho-Physiologic 
Performance 

Physiological fundamentals 

There are more than 200 documented physiological, biochemical and 
psychological functions that follow an approximate 24-hour-rhythm. 

As timekeepers for these rhythms, both internal and external factors 
come into consideration: 

1. the pacemaker neuron complex in the hypothalamus, which has 
developed in the course of evolution, generates a spontaneous 
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rhythm for the neurophysiological basis of reciprocating mem¬ 
brane conductivity; 

2. a neural copy of the external time program, which is acquired by 
individual experience; and 

3. current external interval timers, such as the conscious knowledge 
of time, perception of well-ingrained daily routines, social con¬ 
tacts, and the rhythm of habit. 

The external physical factors primarily originate from bright light 
(7000-12 000 lux) and/or by the light and dark periodicity of day and 
night. Light through the eye stimulates the hypothalamus (through 
nucleus suprachiasmaticus) and has a feedback loop via the sympa¬ 
thetic cervical spinal cord system to the pineal gland, producing 
more or less melatonin. A reduction of this hormone output indicates 
an "activity phase" for the body, while an increase in production 
indicates a resting phase. 

Functions with a proven circadian periodicity include: metabo¬ 
lism, heart rate and respiratory rate, arterial blood pressure, body 
core temperature, electrical skin resistance, blood sugar levels, eye¬ 
lid blinking rates, and concentrations of various hormones in the 
blood. Examples of documented performance deficiencies are: vari¬ 
ation in reaction times, computational speeds, frequency of error¬ 
making, falling asleep at the wheel, and the frequency of reaching 
the "dead point" during night shift work. 

Time intervals associated with high physical and psychological 
readiness to perform are generally between 6-14 and 16-22. 
Reduced performance occurs in, with a particularly poor perform¬ 
ance period at night 2 and 3. Absolute temporal spacing of the 
maxima and minima varies for different functions and perform¬ 
ances. Performance-critical times also occur when biorhythms 
are switching between rising and lowering phases. This can cause 
a temporary instability of timing between systems and lead to 
an uncoupling of control systems during a time of high energy 
expenditure. 

The circadian periodicity is not held to a strict 24 hour cycle, but 
rather can be altered into shorter or (usually) longer intervals by the 
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elimination of external time indicators. This can be shown by expos¬ 
ing subjects to isolation tests with interruption of their social con¬ 
tacts, lack of information about local time, and with freely selectable 
light and dark settings, meal times and rest periods. In most cases, 
subjects choose a periodicity of around 25 hours. Under the condi¬ 
tions of continuous daylight above the Arctic Circle, certain socially 
isolated groups have utilized systematically adjustable clocks, where 
the day is divided into two "halfs" of 10.5 to 13.5 hours. The adjustment 
of physiological functions within the durations of these 21-27 hour 
artificial days usually occurs within 2-8 days. This change in duration 
of the biphasic periodicity is called "free running" or the "unsolicited 
periodic." 

The circadian rhythm can exhibit substantial inter-individual 
differences in respect to both the intensity and the temporal spacing 
of the minima and maxima. Thus it gives people options. There are 
those whose preferred work time is in the morning hours (so called 
A or morning types), and others whose preferred work time is in the 
evening hours (so called B or evening types). Further inter-individual 
differences exist regarding the adaptability to change of temporal 
regimes. 

Shift work 

Shift work brings alternating demands into the work environment. 
The time displacement caused by circadian disturbances has sub¬ 
stantial effects on physiological functioning (e.g. energy metabolism) 
and psycho-physiological fitness. This incongruence between the fit¬ 
ness to perform and the work requirements can cause performance 
errors and industrial safety problems. 

Also affected is the extent of additional demands placed by 
a number of so-called intervening variables, those which will 
become effective individually or in combination. These factors cover 
individual characteristics of the employee such as age, personality 
structure, "type of rhythm" and the physiological adaptability. Also 
activity-conditioned factors, such as the amount of the physical 
or mental load, length of the work time, shift schedules, climatic 
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conditions, noise, and special work materials are to be considered. 
Also social and domestic issues play important roles, such as the fam¬ 
ily situation, the number of children, living conditions, and the family's 
acceptance of the shift work. 

Due to the efficiency of external time givers, the shift worker cannot 
disengage from the time structure of his environment. The conflict 
between work schedules and daily life rhythms makes the shift worker 
unable to completely adapt his circadian rhythm. Experiments involv¬ 
ing 21 consecutive night shifts have demonstrated that partial adjust¬ 
ments of the biological rhythm affects sleep time, but not work time. 

The following recommendations apply to organizations that uti¬ 
lize shift work. 

1. Choice of personnel: older workers (over 50 years) should not be 
given shift work. Those who are "night types" should be pre¬ 
ferred. 

2. Shift scheduling: very early shifts (beginning before 6:00 a.m.) 
should be avoided. Night work should generally be kept to a min¬ 
imum. Long nightshifts of 9-12 hours are only acceptable if no 
environmental exposure exists. 

3. Shift succession: forward rotation of shifts is to be preferred, i.e. 
the sequence of early shift, late shift and nightshift. Quickly 
changing shifts, i.e. in groups of 2-3 days, are recommended. 
One night-free shift should follow nightshifts as often as possible. 

4. Participation of the employee: shift workers should be offered as 
much work time flexibility as is possible, and should participate 
when work schedules are being planned. 

5. Behavior modification: special health education should be given, 
especially to prevent accidents. Shift workers should engage in 
moderate physical exercise a few hours before going to sleep. 

Jet lag 

Jet lag is characterized most commonly by day-time fatigue, insom¬ 
nia, lengthening of reaction time, and degradation of memory and 
concentration. Further symptoms may occur, such as increased 
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irritability, listlessness, nausea, headache, inordinate hunger or com¬ 
plete loss of appetite, gastrointestinal and urinary functions at mis¬ 
matched times, degradation of physical and mental functions, and a 
generalized feeling of exhaustion. Synonyms for jet lag include "time 
shift," flight syndrome, and circadian desynchronization. The symp¬ 
tom complex is generated by transmeridian flight over several time 
zones (>3 time zones), providing a swift relocation from one geo¬ 
graphical place to another. This causes a temporary discrepancy 
between the accustomed individual circadian cycle, which has been 
shaped by long-term living at the same geographical place, and that 
which is required at the new place. Temporary health effects and 
performance limitations are not linked to disease; all symptoms 
disappear after a few days. 

Re-establishment of the normal function and efficiency of the 
traveler requires about 24 hours for every two hours of time shift. 
Individual hormonal parameters normalize themselves much more 
slowly. Eastward flights are more performance-reducing than west¬ 
ward flights, as the internal tendency of humans is to lengthen rather 
than shorten the circadian period. A flight toward the west requires 
approximately 20% less recovery time than a flight to the east. 
Eastward flights over more than two time zones are less problematic 
for the so-called "evening types" than for the "morning types." The 
temporary desynchronization of the bodily functions (CNS, hormonal 
and vegetative) occurs as a physiological reaction in 15-20% of all 
passengers crossing more than two time zones. 

The most important countermeasure for overcoming jet lag is the 
immediate adjustment to the temporal conditions at the destination. 
Alcohol and sleeping medications should be avoided. Relaxation 
techniques, like autogenous training and breathing techniques are 
preferable. Protein-rich foods for sleep delay and carbohydrates for 
the promotion of sleep are recommended. Conversion of sleep-wake 
cycle prior to travel has had only marginal success. 

To mitigate the effect of jet-lag, the following are recommended: 

— Activity before westward flights: go to sleep at increasingly later 

times a few days prior to travel 
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— Activity at departure: change the dock to destination time and 
adapt to mealtime and sleep cycles of the destination. 

— Arrange a one-day layover at half the travel distance during flights 
to the east (e.g. intermediate stop in Dubai during flight from 
London to Bangkok) 

— After the flight: fight off sleeplessness (take melatonin (5-300 mg/day); 
use relaxation techniques such as autogenous training 

— Remain awake after morning arrivals, soon after landing take a 
long walk in the open so that melatonin production is inhibited. 

— Countermeasures during flight: 

1. eat only light food with little salt, fat and sugar; 

2. during flights to the west, eat particularly protein-rich food in 
order to extend wakefulness; 

3. drink a lot of fluids, above all mineral waters and fruit juices, 
but no alcohol 

4. do not smoke; 

5. take several 20-minute naps, but do not take sleeping pills; 

6. walk around in the cabin when possible and compensate for 
lack of movement by performing in-seat exercises (flex and 
extend the ankles in particular); 

7. after a long transmeridian flight, try not to fall asleep before 
local bedtime. 


Performance Degradation by Alcohol and Drug Abuse 

— Frequency of abuse 

It is estimated that 2.5-3 million people in Germany (-3.5% of the 
population) are alcohol dependent; of these approximately 
800 000 are admitted to mental hospitals. It is further estimated 
that 14% of men and 5% of women are in a danger zone, close to 
becoming dependent on alcohol, approximately 800 000 are 
dependent on prescription drugs, and approximately 100000 are 
dependent on illicit drugs. Within the professional pilot popula¬ 
tions, 5-7% alcohol dependence is suspected, and in the USA 
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7-10% of pilots are assumed to have problems with alcohol, cor¬ 
responding to a total number of 75 000 pilots (1991). Accident 
statistics in Germany indicate that 6.5% of aviation accidents have 
alcohol as a possible cause (1973-1983); in airline aviation, how¬ 
ever, so far not one accident has been so caused. In approximately 
2% of all fatal aviation accidents, drug use and illness (e.g. car¬ 
diac infarct) in the pilot play a role. The United States Air Force 
determined that alcohol was involved in 15% of fatal accidents, 
and other drugs were involved in 7% of cases (1973-1984). 

The drinking behavior of pilots indicates that 1 5% use alcohol 
regularly for "stress management", i.e. to dismantle tensions. 

— Effects of alcohol 

Because of the impairment of human performance, alcohol should 
be avoided 24 hours before flight. Simulator studies with experi¬ 
enced pilots have demonstrated a decrease in concentration, 
vigilance, decision-making abilities, fine-motor coordination, 
depth perception and coordinated stereoptic activities, beginning 
at a blood alcohol concentration of 0.25 parts per thousand, and 
becoming manifest around 0.4 parts per thousand. Furthermore, an 
increased willingness to take risks and to make unsafe decisions 
occurs. In routine flying operation, an upper limit of 0.4 parts per 
thousand is necessary; this corresponds to the blood alcohol limit 
prescribed in the USA. Nevertheless, the so-called hangover effect 
is important to keep in mind. Performance degradations can occur 
with a blood alcohol level of 0.0 parts per thousand, if earlier alco¬ 
hol ingestion yielded a blood alcohol level of 1.0 part per million. 
Preventive measures are: 24 hours of sobriety, alcohol breath 
analysis before each flight, and testing of visual-motoric concen¬ 
tration ability in the cockpit. 
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Chapter 6 


Cosmic Radiation Exposure of Flight Crews 


Lutz Bergau, Rainer Facius and Matthias M. Meier* 


INTRODUCTION 

With the introduction of jet aircraft in the late 1950's, altitudes were 
being reached that required a fundamental understanding of the kind 
and degree of cosmic radiation to which flight crews and frequently 
flying passengers were now exposed. 

While the older piston-driven aircraft could reach maximum alti¬ 
tudes of less than 30000 feet, jet aircraft such as the Boeing 707 regu¬ 
larly achieved altitudes above 40 000 feet, and modern business jets 
such as the Learjet45 have a maximum operating altitude of 51 000 feet. 

Although no conclusive data to date quantify any measurable 
effect on biological systems of radiation due to flight activities, the 
aeromedical practitioner needs a good knowledge base in order to 
deal effectively with the questions their flight crews will confront 
them with. Fortunately, there is now a considerable database from 
the findings of dosimetry, as well from the results of epidemiological 
studies. Already in 1990, the ICRP (International Commission on 
Radiological Protection) recommended maximum allowable radia¬ 
tion exposures up to 20 mSv (millisievert), annually averaged over 
five years with a maximum of 50 mSv within one calendar year. 
The European Basic Safety Standards Directive 29/96 EURATOM 
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has been based on these recommendations and converted into the 
German Radiation Protection Ordinance concerning flight crews 
explicitly. 

The discussion concerning the potential risks of radiation exposures 
has, among others, led to demands from interest groups to reduce 
flight time and maximum flight altitude, as well as much stricter medi¬ 
cal surveillance of flight crews. 

The following remarks should serve to increase the knowledge 
and understanding of the topical problems associated with radiation 
exposures, which is increasingly being expected of aeromedical 
practitioners. 

Natural Radiation 

Every human being, as well as the entire biosphere, is constantly 
exposed to ionizing radiation. This flow of energy has its origin in 
a variety of sources. The component derived from the atomic cores 
of the minerals forming rocks is summed up as terrestrial radiation. 
Ionizing radiation is produced through the decay of long-lived 
radioactive nuclides, such as uranium-238, thorium-232, and their 
derivatives in the Earth's crust. The intensity of terrestrial radiation 
is quite variable, depending on the content of the radionuclides 
within the Earth's crust. Therefore, some heavily populated regions 
of Earth, such as Kerala in India, Guarapari in Brazil, Yangjiang in 
China, and Ramsar in Iran, have radiation levels more than tenfold 
higher than those measured in most other parts of the world. There 
are regional variations even within Germany (in northern regions 
there is only one-third of the terrestrial radiation found in southern 
Germany). Additional large fluctuations can result from geological 
formations (granite, gneiss, sandstone) as well as from various 
building materials. 

The radionuclides tritium, carbon-14, and especially the noble 
gases radon-220 and radon-222 from decay of thorium-232 and 
uranium-238, are found in the atmosphere, together with their long- 
lived decay products adsorbed to aerosols. Indoors, in closed rooms, 
the concentration of radon is 10-30 times greater than outdoors. 
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Particularly high levels can be measured in the radon-tunnels of Bad 
Gastein in Austria and Bad Kreuznach in Germany. 

This natural radiation exerts its effects via radionuclides, exter¬ 
nally onto the biological structures of the human body, and internally 
via inhaled radioactive dust and gases. Furthermore, drinking water 
and ingested foodstuffs can contribute to internal radiation exposure 
from isotopes such as potassium-40 and the previously mentioned 
tritium and carbon-14. 

Civilizational Radiation 

The Earth has been exposed to natural radiation since the dawn of 
time. Not until the last century was this natural radiation augmented 
by man-made radiation, primarily owing to medical applications, 
such as X-rays, nuclear medical diagnostic and therapy, and by 
nuclear energy installations (i.e. nuclear power plants). This addi¬ 
tional radiation can be summarized as man-made or civilizational 
radiation. Added to the sources mentioned are the remainders of the 
fallout from above-ground nuclear tests in the USA and USSR 
between 1945 and 1962, in China between 1964 and 1980, and the 
consequences of the Chernobyl catastrophe in April 1986. 
Civilizational radiation is responsible for a considerable proportion 
of today's total human radiation exposure. More than 80% of civi¬ 
lizational radiation originates from medical applications, by far dom¬ 
inated by X-ray diagnostic modalities. The proportion from fallout, 
the nuclear industry, and even Chernobyl are negligible in compari¬ 
son. In Germany, medical sources contribute approximately 2 mSv/a 
in comparison to 2.4 mSv/a from natural sources, thus representing 
45% of the total exposure. 

Cosmic Radiation 

On the surface of the Earth, another contribution to the total amount 
of radiation is cosmic radiation. This radiation consists of high-energy 
particles that continually impinge on the Earth from outside the mag¬ 
netosphere. The origin of this so-called primary radiation is the sun, 
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solar radiation, and supernova explosions in star systems throughout 
the universe — a main source of galactic radiation. 

The composition of the high energetic galactic radiation is as 
follows: 85% protons, 13.5% alpha particles, and 1.5% heavy 
atomic nuclei such as C, O, Mg, and Fe, which carry energies from 
several MeV to 10 13 MeV. 

The radiation originating from the sun is of a similar composi¬ 
tion, but these particle energies — in occasional outbreaks — only 
reach energies of up to 10 4 MeV. The permanent solar wind, which 
comprises the majority of the total solar radiation, only carries ener¬ 
gies of a few keV. The intensity of solar radiation fluctuates widely 
over time, and is dependent on the sun's activity (see solar flares). 
Because of its low energy, the permanent solar wind is deflected by 
the Earth's magnetosphere so that penetration of the atmosphere is 
prevented. 

In contrast, the high-energy particles of primary radiation col¬ 
lide with the atomic nuclei of oxygen and nitrogen and additional 
components when they penetrate the atmosphere, activating inter¬ 
actions leading to a secondary radiation cascade. During this 
collision with the atomic nuclei, charged particles are formed, 
such as alpha particles, protons, and muons, as well as uncharged 
electric particles, such as photons, and most of all, neutrons. Many 
of these have enough energy to activate further nuclear reactions. 
It is estimated that each high-energy proton from the primary radi¬ 
ation can create a million or more secondary particles. Additionally, 
the interaction of the primary radiation with the aircraft itself 
can locally create an increase in radiation dosage of 5-10%, the 
fuel being the main contributor. In practice, this localized effect 
can be disregarded and the radiation exposure considered equal 
for all persons on board independent of their position inside the 
aircraft. 

The cascade system in the atmosphere, described above, attenuates 
the primary cosmic radiation to a considerable degree so that only a 
minute fraction reaches the Earth itself. 

An additional characteristic of galactic cosmic radiation 
is its isotropy, i.e. that particles strike the Earth equally from all 
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directions of space. The resulting radiation fields are not subject to 
daily variations. 

Altitude dependence 

Already at an altitude of 20 km (65 600 ft), corresponding to an air 
density of 0.088 kg/m 3 , proton flux is reduced to nearly half, alpha 
particles nearly to a quarter, and heavy atomic nuclei to about 3% of 
the original magnitude. 3 However, at an altitude of 12 km (39 400 ft, 
air density 0.310 kg/m 3 ), radiation is still about 100 to 200 times 
greater than at the surface of the Earth (air density 1.225 kg/m 3 ). a 

Due to its extraordinary high biological effectiveness (more 
details later on), neutron radiation deserves special attention. Its bio¬ 
logically weighted contribution as part of the effective dose of the 
cosmic radiation on the Earth's surface is only about 3%. At an 
altitude of 12 km, varying with latitude, one must reckon with a 
neutron contribution of 50%, reaching a maximum of about 80% 
at 15-18 km, and declining thereafter. 4 

The data outlined above make it obvious that flight level is the 
dominant variable determining the degree of radiation exposure. 
After departure, due to decreasing terrestrial radiation, the overall 
radiation level is declining up to an altitude of 1000 m (3050 ft). Above 
this level, radiation intensity increases continuously with altitude, due 
to the increasing effect of cosmic radiation. 

Height Maxima 

The nearly linear rise in altitude-related radiation intensity reaches its 
maximum at approximately 65 000 feet (proton maximum). At this 
altitude, there is a balance between the build-up of the secondary 
radiation cascade and its weakening by further penetration down 
through the atmosphere. 5 During the 27 years the Concorde was fly¬ 
ing, cruising at an altitude around 63 000 feet, continual measure¬ 
ments were made by an on-board detection system, demonstrating 


a Air density according to ICAO Standard Atmosphere, geopotential height. 
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a doubling of ionizing radiation compared to an altitude of 40 000 feet, 
which is the usual maximum flight level of subsonic aircraft. 6 Above 
140 000 feet (~45 km), the intensity of radiation falls to about 50% of 
the maximum found at 65 000 feet. 


Geographic Latitude 

In addition to altitude, the intensity of radiation is to a large extent 
dependent on latitude. The magnetic field of the Earth has a shield¬ 
ing effect, causing particles of cosmic radiation to be partially 
deflected. This effect is strongest in the regions of the geomagnetic 
equator; it diminishes considerably over the poles where the radia¬ 
tion dose at aviation altitudes is about 2-4 times greater than at the 
equator. At constant altitude, the intensity of radiation begins to rise 
at a latitude of about 30°N, reaching a maximum plateau at 60°N. The 
same applies to the southern hemisphere. 7 


SOLAR CYCLES 

The surface of the sun continuously ejects low energy subatomic par¬ 
ticles, the so-called solar wind. These emissions do not take place at 
a constant rate, but rather in a cycle, showing a maximum (solar 
max), respectively a minimum (solar min) every 11 years. 

The stronger the particle stream of the sun, the more the inter¬ 
planetary magnetic field of the heliosphere surrounding the Earth 
comes to effect, and the greater is the deflection of cosmic radiation 
from the Earth, thereby varying the intensity of the cosmic radiation 
reaching the Earth. 

At maximal solar activity, we receive a minimum dose rate from 
galactic radiation, and vice versa, a maximum galactic radiation can 
be measured at minimal solar activity. At the altitudes where most 
civil aviation takes place, i.e. between 27 000 and 40 000 feet 
(~9 and 13 km), the variations between these two extremes can be as 
much as 60%, and even more at higher altitudes. As stated before, the 
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particles of the solar wind have such a low energy that they are cap¬ 
tured by the Earth's magnetic field and have little direct influence on 
the level of ionizing radiation to which aircraft at typical flight levels 
are exposed. In 1991, within the 11 -year cycle, a solar burst maximum 
could be determined. The following minimum of solar activity 
occurred in 1997, and the last (very wide) maximum was observed 
in 2001/2002. The following minimum occurred in 2008/2009. When 
considering measurements of radiation intensity, the solar cycle has 
to be taken into account. 8 

SOLAR FLARES 

Huge protuberances occur on the sun at irregular, widely spaced 
time intervals. These are related to magnetic disturbances, and lead 
to explosive emissions of optical and particle radiation. These solar 
streams of particle emissions (solar particle events, or SPE) can in 
particular cases increase ionizing radiation even at normal flight levels. 
Latitudes above 60°, i.e. close to the poles, are particularly affected. 
Between 1956 and 2006, a total of about seven such extreme events 
were noted, causing the dose rate maximum in some areas to 
increase by up to 100 times. 9 These fluctuations in solar activity 
can last from several hours to a day. The likelihood of an aircraft 
incidentally flying through an area with such elevated radiation is 
relatively small. The routine measurements, taken by Concorde dur¬ 
ing 80 000 flights over 20 years, did at no time indicate any exces¬ 
sive elevation of radiation, requiring an emergency descent to lower 
altitudes. 6 

However, the theoretical possibility of flying into such a region of 
massively elevated radiation does exist. Consequently, it seems nec¬ 
essary to develop an early warning system for civil aviation. The 
Space Environment Center of the National Oceanic and Atmospheric 
Administration (NOAA, USA) can, via satellites, solar telescopes, 
magnometers, and direct radiation measurements, obtain data, 
which are forwarded to the FAA in order to generate warnings con¬ 
cerning solar flares. 
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TISSUE STARS 

Research has not been able to clarify the distribution and the biolog¬ 
ical effectiveness of the so-called tissue disintegration stars. The name 
of these stars originates from the characteristic star figures that are 
formed by primary radiation when penetrating a radiation sensitive 
emulsion. These stars are images of the disintegration reactions form¬ 
ing the radiation cascade mentioned above. This represents, so to 
speak, the continuation within the human body of the reaction cas¬ 
cade, released by cosmic primary radiation. These stars lead to a rel¬ 
atively high local energy deposition in just a few cells, but do not 
expose the whole body. The energy distribution of the stars within the 
tissue is characterized by an extreme non-uniformity. It seems likely 
that the radiation dose from tissue stars is of little significance. 


HEAVY NUCLEI 

Heavy nuclei, as part of the cosmic radiation, have a similar minimal 
effect on the total radiation exposure. Penetration depth by these par¬ 
ticles, e.g. those from the iron group of the heavy spectrum, is very 
limited. The majority of the heavy nuclei is captured within the upper 
levels of the atmosphere and disintegrated. 

Particularly interesting are those heavy ions that are stopped 
within the tissue, creating regions of very high ionization density 
around their path. In contrast, fully penetrating particles have less 
biological effect. 


MEASUREMENT OF FLIGHT CREWS' 

RADIATION EXPOSURE 

To date, many measurements and evaluations have been performed 
in order to quantify the actual amount of radiation to which flight 
crews are exposed. This research was initiated by the introduction of 
the passenger jet aircraft, which regularly reached altitudes above 
40 000 feet, where radiation levels are several times higher than at 
the altitudes normally reached in the era of propeller-driven aircraft. 
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One of the special aspects of the originally planned SST (Supersonic 
Transport Aircraft) in the USA, followed by the actual flights of the 
Concorde (manufactured in France and Britain and flown commer¬ 
cially from 1976 to 2003), was the problem of ionizing radiation. This 
aspect of high altitude flying has given rise to intense investigation 
activity over the last three decades. Mandated by the Bundesver- 
kehrministerium in Germany (Department of Transportation), 
Lufthansa German Airlines made measurements on its B-707 flights 
with the assistance of the Institute of Experimental and Applied 
Physics at the University of Kiel, Germany. 10 

Accuracy of Measurement 

Without going into details about these and other data collected over 
the past 35 years, it can be ascertained that these data have con¬ 
tributed significantly to the knowledge of radiation exposure of flying 
personnel. Then, as now, the precise analysis of radiation fields at 
various flight levels was not an easy task. The "difficulties of applying 
terrestrially designed and calibrated devices to the measurement of 
nearly unknown radiation fields at altitude" (Dieter F. Regulla, GSF — 
Forschungszentrum fur Umwelt und Gesundheit — the National 
Research Center for Radiation, Environment and Health in Germany) 
still exist. 

Despite these uncertainties, there is growing consensus about the 
average amount of radiation to which flight crews are exposed under 
normal operational conditions. More difficult to assess are the spe¬ 
cial conditions, such as solar flares, tissue stars, and heavy nuclei. 
Transport of insufficiently shielded radioactive cargo is against inter¬ 
national rules and is not taken into account here. Between 
1991-1992, extensive measurements were undertaken by the GSF 
(see above) in association with the Workers' Compensation Board 
and Lufthansa German Airlines. 11 The average annual radiation expo¬ 
sure of flight crews was established to be 3-5 mSv. 

Other studies, more recently undertaken, have found similar lev¬ 
els of exposure as those determined by the GSF. A summary of radi¬ 
ation exposure of flying personnel entitled "Determination of flight 



160 


L. Bergau et al. 


crews' exposure to cosmic radiation" was published in 1997 by 
Strahlenschutzkommission, the German Radiation Protection 
Commission. 12 

Among numerous other studies, further two can be mentioned: 
"Canadian Aircrew Radiation Environment Study" (THUM et a/.) 13 
and "ACREM — Air Crew Radiation Exposure Monitoring" 
(Laborbericht der Physikalisch — Technischen Bundesanstalt, 
August 1999). 14 In the latter study, the extensive measurements 
undertaken during flights between 1997-1999 were evaluated. 
A detailed summary of measured and calculated data is given in 
the report of a working group of the European Dosimetry Group 
(EURADOS). 15 

Chromosomal Aberrations 

Another interesting method of acquiring total body exposure data is 
the so-called biological dosimetry. On the basis of observed chro¬ 
mosomal structural changes associated with the actual absorbed 
radiation dose within an organism, the numbers of chromosomal 
aberrations in human lymphocytes can be determined. Primarily, 
such biological dosimetry techniques can be successfully applied ret¬ 
rospectively to investigate radiation exposures in cases of radiation 
accidents when there is limited or non-existent dose information. 
Indeed, chromosomal aberrations have been investigated in groups 
exposed to chronic low-level radiation, such as comparing flight 
crews to ground-based workers. Initial investigations by the Institute 
of Radiation Biology of the Munster University in Germany have 
described an elevation in numbers of the so-called dicentric rings, 
although the number of investigated chromosomes is too small to be 
of any statistical significance. A further investigation by Romano etal. 
likewise demonstrated an increase in chromosomal aberrations. 16 
EHowever, these results could not be confirmed by the Robert Koch 
Institute in Berlin, which has conducted the largest lymphocyte 
research to date. 17 In principle, such biologic dosimetry pertaining to 
chronic radiation exposure can only be utilized if the limited time 
period of detection of the chromosomal aberrations is taken into 
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account and time-dependent exposure profiles of the subjects are 
realistically represented. 

Summation of Radiation Exposure 

The studies undertaken so far provide a clear understanding of the 
radiation exposure of flight crews. By consensus, total annual radia¬ 
tion exposure of crews on international flights has been estimated to 
vary between 3 and 6 mSv. In Europe, any radiation exposure in 
excess of the threshold of 6 mSv per calendar year initiates a legally 
stipulated examination by a specially qualified and accredited physi¬ 
cian in order to monitor the individuals exposed to this level. In flight 
crews, this is to be expected only in very few and exceptional cases. 

BIOLOGICAL EFFECTS 

Ionizing radiation produces its biological effects by changing or 
destroying the integrity of essential molecular structures within living 
cells. This occurs through direct excitation of atoms or molecules or 
via ionization, by which electrons are dislodged from their atomic 
orbits. Additionally, through direct effects on non-essential mole¬ 
cules, such as H 2 O, chemically highly reactive radicals are formed, 
which can cause similar damage to biologically essential molecules 
by "radiochemical" secondary reactions. 

Particularly important are changes to the structures in DNA 
(deoxyribonucleic acid) as carrier of genetic information. Depending 
on the amount of absorbed radiation energy, affected cells can either 
die or exhibit genetic changes if the repair mechanisms fail to pro¬ 
vide error-free and complete repairs. Effects of "higher" and "lower" 
radiation exposures must therefore be differentiated. At low doses, 
the primary molecular effects are dependent on accidental, isolated 
radiation encounters within the cell. Regarding the ensuing biological 
consequences of these so-called stochastic radiation effects, it has been 
nearly unanimously postulated since the 1950's that there is no thresh¬ 
old for radiation to generate health damage. In other words, the sto¬ 
chastic effect can only be zero for a dose of zero. EHowever, the validity 
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of this postulate has come into question by the results of the radio¬ 
biological research in the last two decades. Induction of cancer 
and genetic damage in subsequent generations is regarded as 
the most important late consequences of the stochastic radiation 
effects. 

As a rule, the effect of doses of up to one Gy of low-energy ion¬ 
izing radiation is the breakage of a single strand of DNA's double 
helix, which can be repaired effectively. With high-energy neutron 
radiation, even single encounters can produce more severe damage, 
such as double strand breaks that cannot be fully and correctly 
repaired. The radiation weighting factor, given in the ICRP-60 rec¬ 
ommendations of 1991, is based upon this highly significant radio¬ 
biological effectiveness of neutron radiation. 

Due to changes of genetic substance, stochastic effects of ioniz¬ 
ing radiation may come into effect in the following generation or 
even in later generations. In complete contrast are the non-stochastic 
effects, also called deterministic effects. These are the effects from 
high dose radiation exposure, which via increasing impairment of 
cellular structure can lead to organ failure and eventually death. 

By its nature, the radiation exposure of flying personnel is within 
the low dose range, so deterministic effects can be excluded, even 
during exposure to particle storms of solar flares. 


RELEVANT ASSESSMENT FACTORS 

The following are the most important variables to consider when 
assessing potential damage due to ionizing radiation: 

I. Annual flight hours 

Per regulation of the Federal Office of Civil Aviation in Germany, the 
maximum flight time is 900 hours per year. Surveys by the European 
Community indicate that for airline pilots, their actual annual flight 
hours are between 500 and 700 hours. The time spent in ascent to 
and descent from cruising altitude (approximately 5-20%) must be 
subtracted from these numbers. 
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II. Total years of flight 

As most pilots end their professional career at age 60, their profes¬ 
sion could theoretically result in 40 years of flying. In most cases, the 
actual number of career years is lower. Since both the International 
Standards of ICAO (SARPs) and the European regulations (JAR FCL) 
now allow an age limit up to 65 years, it is possible that average total 
career flight times will be higher in the future. 

III. The preponderance of high altitude flight 

A differentiation between short and long haul flights must be made. 

IV. Routes predominantly at latitudes above 50 degrees 
(includes both hemispheres) 


RISK ASSESSMENT 

The fundamental question is how much being exposed to ionizing 
radiation in flight increases the risk of cancer in flying personnel 
above that of the background population. Already in 1992, criteria for 
scoring this risk were developed by the Department of Transportation 
and the Federal Aviation Administration (FAA) and published. 18 This 
work is based on the BEIR-V Report 19 and estimates an additional 
death rate from radiation-induced malignant tumors of 13-20 per 
100 000 after ten years of flying. 

More important than these theoretical numbers based on 
projections, i.e. based on the previously mentioned questionable 
postulate for stochastic radiation effects, are epidemiological 
investigations. 


EPIDEMIOLOGY 

A number of epidemiological studies have been published, which 
attempt to assess the increased risk of cancer in flight crews. Most older 
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works lack a statistically relevant cohort and a relevant control pop¬ 
ulation. Among these are investigations of a Canadian study group, 20 
studies of pilots in British Airways, 21 and unpublished reports of 
Swissair. The survey of Canadian airline pilots found an elevated 
incidence of cancer (non-melanoma skin cancer and Hodgkins dis¬ 
ease) as well as elevated death rates from brain and rectal tumors. 
However, the authors recommended a larger cohort study in order 
to be more confident about these results. Particularly in the case of 
CNS tumors, the British study concluded that further investigation 
was required, taking the lifestyles of the pilots into account. Further 
investigations by Japan Airlines (KAJI et al.) 22 encompassed a larger 
number of subjects; nonetheless, data were too few to allow statis¬ 
tically convincing estimates of mortality rates and cancer incidence. 
Notable are two other older works: a study published in 1995 by 
Pukkala et al. 23 concerning breast cancer incidence in flight atten¬ 
dants of Finnish airline companies; and the investigation by 
Gundestrup et al., 24 suggesting that acute myeloid leukemia and 
other cancers might be caused by in-flight ionizing radiation. 

Ballard et al. 25 summarized the results of these earlier epidemio¬ 
logical studies in a meta-analysis. For pilots, overall mortality rates 
were lower for all causes, including lung cancer and leukemia. After 
correcting for socio-economic variables, pilots were found to have 
increased rates of two types of cancers. Mortality rates were elevated 
for malignant melanoma to 1.97 (95% confidence interval 
1.02-3.82) and for prostate cancer to 1.45 (95% confidence interval 
1.19-2.29). In previous studies, melanoma had not been observed 
as a potential late consequence of ionizing radiation. Prostate cancer 
is commonly observed in sedentary occupations, the so-called 
bus-driver syndrome. 

These results, based on findings in single organs, suffer from lack 
of statistical power. None of the results related to any individual 
organ system are significant on the 95% confidence level. The likeli¬ 
hood that these cases are the results of chance is further supported by 
the fact that not a single organ was seen to have an elevated cancer 
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rate in all of the studies. Alone, the combined study of morbidity and 
mortality of all different kinds of cancer is free of this limitation. 

The epidemiological studies byTveten ef a/., 26 investigating can¬ 
cer incidence in Norwegian pilots, and by Zeeb, Blettner ef aL, 27,26 
released in early 2002 (University of Bielefeld, Germany), include 
cohorts of flying personnel large enough to provide statistically rele¬ 
vant evidence. The study by Blettner ef at. included a total of 6061 
pilots, 16 014 female and 4536 male flight attendants. Both investi¬ 
gations were part of a study sponsored by the European Commission. 
Noteworthy in these combined European studies 29,30 is that the bias 
produced by the "healthy worker effect" in both of its main appear¬ 
ances (the healthy worker hire effect and the healthy worker survivor 
effect) has been reduced or avoided by the study protocol. The results 
show standard mortality rate (SMR) of the pilots and the female flight 
attendants to be below the norm for the general population. Overall, 
the cancer rate for pilots is lower than for the general population. 
Nonetheless, a few cancers showed a slightly elevated mortality rate; 
validation of these results requires consideration of the "multiple 
testing" problem and cannot be finally concluded until after further 
investigations have been made. In male flight attendants, the SMR is 
elevated above that of the general population due to specific diseases 
of the immune system. 

In addition to the remarks above, it is important to note that these 
epidemiological studies do not establish a direct correlation between 
the results of the mortality studies and the radiation exposure. A num¬ 
ber of additional factors could potentially influence the morbidity 
and mortality rate of flight crews. These include mild hypoxia during 
flight, circadian rhythm disturbances and their potential effects on 
the immune competence of the organism, and additional factors 
found in the specific environment of flying such as low cabin humid¬ 
ity, elevated C0 2 and 0 3 levels, and so on. With regard to the fre¬ 
quency of breast cancer in flight attendants, the proven higher 
incidence of breast cancer in pauci- and nulliparous women must be 
taken into account, as nulliparity counts to the unique factors that 
differentiate flight crews from the general population. 
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LEGAL MEASURES 

On the basis of the recommendations of the ICRP (International 
Commission on Radiological Protection) from 1991 31 the European 
Union, guided by EU-Regulation 96/29/EURATOM, has determined 
that all flight crews shall be considered as "occupationally exposed 
to radiation." Article 42 stipulates special measures to be undertaken 
if a flight crew member's radiation exposure exceeds the annual 
threshold value of 1 mSv. 32 
Included are: 

• Determination of the amount of radiation exposure of the crew 
member 

• Formulation of duty rosters in order to minimize the total expo¬ 
sure for highly exposed personnel 

• Information to employees about potential health hazards 

• Special protection of pregnant flight attendants, as determined in 
Article 10 of the EU regulation 

The directive of the European Union, transferred to an amendment of 
the Radiation Protection Ordinance (Strahlenschutzverordnung, 
StrlSchV) in Germany, took effect in August 2001 as part of the 
national legislation. Differing from the ICRP recommendations, a 
maximum annual limit of 20 mSv was stipulated. When a dose of 
6 mSv per calendar year is exceeded, an additional medical exami¬ 
nation is required. As mentioned before, in airline operations this is 
only necessary in rare and exceptional cases. 

Upon declaration of pregnancy to the employer, flight attendants are 
allowed to accumulate 1 mSv until the end of pregnancy. At Lufthansa, 
however, pregnant crew members have always been exempted from 
flight duties immediately after declaration of pregnancy. Based on the 
maternity protection act, pregnant flight attendants are given ground 
assignments. Other European airlines follow this example. 

SUMMARY 

Considering the known magnitude of exposure of flight crews and the 
quality of radiation at relevant altitudes, immediate "deterministic" 
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somatic damages can be excluded. Furthermore, it can be stated with 
great confidence that direct effects on embryonic development are 
similarly improbable. 

The previously discussed scientific studies, estimating the risk of 
malignant diseases due to the effect of radiation, are not consistent in 
their results. The more recent epidemiological publications with large 
cohort sizes show, nonetheless, that the overall risk of cancer due to 
cosmic radiation among flight crews is very low. Even with correction 
for the "healthy worker" effect and other confounders, the cancer rate 
in flight crews is not higher than in the general population. 
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Chapter 7 


Physiology and Pathophysiology 
of Nutrition 


Herwig H. Ditschuneit* 


INTRODUCTION 

In western industrialized countries, the leading cause of morbidity and 
mortality is cardiovascular diseases, statistically at a rate of over 50%. 
These diseases are overwhelmingly caused by the consequences of ath¬ 
erosclerotic processes of the arterial walls. These processes are not due 
to arterial wall diseases perse , but are caused by reversible reactions to 
chronic injuries caused by certain risk factors. These are essentially: 
obesity, metabolic syndrome with hypertension, hyperlipoproteinemia, 
disorders of glucose metabolism (Type 2 diabetes mellitus), hyperinsu- 
linemia, hyperlipacidemia, and hyperuricemia. A reduction of the 
growth of these cardiovascular diseases is only possible when treatment 
is focused on the elimination of the risk factors. Since the occurrence of 
the risk factors is strongly correlated with changes in nutrition and 
lifestyle, an effective therapy must be directed at making changes in 
unhealthy nutrition and lifestyle practices. 

The situation among flight crews regarding morbidity is not 
significantly different from that of the general population. The problem 
cases in aeromedical practice, just as in general medical practice, are 
treated principally by addressing the risk factors. Upon presentation 
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of risk factors, the aeromedical examiner (AME) must be particularly 
diligent in excluding atherosclerotic processes. He must clarify the 
hazards of the pilot's risk factors in detail, and provide awareness 
concerning effective preventive and therapeutic measures. Generally, 
this concerns nutritional changes in order to reduce body weight. 

Regarding an individual with an obvious arterial lesion, such as a 
myocardial infarction, stent or bypass operation, recurrence of symp¬ 
toms after a subsequent operative intervention must necessarily entail 
unfitness to fly. Already after the cardinal event, intensive management 
of risk factors should be initiated. A pilot who clinically manifests cir¬ 
culatory compromise should always be disqualified, because every 
operative measure is merely rectifying a local disorder without influ¬ 
encing the general underlying pathological process. Nutritional influ¬ 
ences upon health should have a high priority in every AME's practice. 

THE OPTIMAL DIET 

Our diets consist of a variety of chemically defined nutrients. Counted 
among these are vitamins, minerals, amino acids, and fatty acids, as 
well as some carbohydrates as fuel supplies. These are absorbed in the 
diet and ensure well-being and health. Some nutrients are essential; in 
other words, they must be brought in from outside the body, as the 
body is not able to manufacture them. Non-essential nutrients can be 
synthesized from other nutritional components, but can also be 
ingested and channeled into the metabolic pathways. The metabolic 
processes are exceedingly complex and have not yet been satisfacto¬ 
rily explained. We still know very little about how nutrients are broken 
down, transported and utilized, and how they regenerate innumerable 
specialized tissues so that health can be maintained. 

The goal of an optimal diet is to sustain optimal physical and 
mental fitness. The daily requirements for essential nutrients and 
energy are dependent upon age, gender, size, weight, metabolism, 
and physical activity. The recommendations cannot be exactly cal¬ 
culated for each individual; they depend on epidemiological evi¬ 
dence, and a large margin of error must be accepted. Many 
recommendations rely on broad estimations. 
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The prerequisite for optimal physical and mental fitness, for 
health and well-being, and for the preservation of a healthy con¬ 
stitution, is a balanced relationship between energy intake and 
inergy expenditure; this is of paramount importance. With an 
increase in calorie ingestion or a reduction in calorie expenditure, 
weight gain is unavoidable. In contrast, if calorie ingestion lags 
behind calorie expenditure, then weight loss will supervene. If sig¬ 
nificant weight gain or weight loss occurs, then the goal of the 
optimal diet has not been met. In such cases, the only successful 
procedure to follow in order to rectify the situation is control of 
food intake with simultaneous monitoring of body weight. In 
today's society of overabundance, this usually demands strict self- 
discipline and pronounced willpower. Our genetically determined 
control system of hunger and satiety has developed over hundreds 
of thousands of years in such a way that we always want to take in 
food and always are able to do so, whenever the opportunity pres¬ 
ents itself rather than being limited to situations when it is neces¬ 
sary to do so. In times of need, we can also survive without 
nutrition for extended periods without any significant harm. We 
have survived for millions of years on scarce food supplies and 
frequent periods of famine. With the invention of the steam engine 
230 years ago, the situation changed dramatically in many parts of 
the world. Our human productivity has increased manyfold; we 
have transformed the environment, and exponentially increased 
the production of foodstuffs while simultaneously reducing the 
cost. Consequently, many people today ingest far more food than 
they need, causing a frightening increase in diseases associated 
with obesity. The genetically determined regulation of hunger and 
satiety is counterproductive in today's restructured world. We must 
not follow our inner desires and believe that we are doing right. 
We must control desires and rationally determine our individual 
metabolic demands — and live accordingly. This, as it turns out, is 
extremely difficult, and our attempts to do so are often unsuccess¬ 
ful. For most people, this is a lifelong and difficult battle against 
the inner self. 
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NUTRITIONAL DISORDER 
Obesity and the Metabolic Syndrome 

The greatest nutritional problem stems from the overwhelming 
supply of delectable foodstuff daily offered to us and the resulting 
imbalance between energy ingestion and expenditure. A positive 
energy balance is continuously deposited into fat stores. The results 
are an increase in adipose tissue via hypertrophic processes and a 
corresponding weight gain. If the weight gain remains positive over 
a long period of time and the net weight gain exceeds 60% of the 
normal weight, an additional hyperplastic process begins, which 
results in an increase in the quantity of adipose cells. 1 

Most adipose tissue is subcutaneous, while a small portion, about 
5-25%, is abdominal. This intraabdominal fat tissue is not uniform; it 
is distributed in the retroperitoneal and the portal compartment; the 
latter includes the omentum and the mesenteric tissue and is 
70-80% larger than the former. These compartments are substantially 
different, primarily in that drainage of the portal compartment to the 
liver via the portal vein gives it metabolic significance which the 
retroperitoneum does not have. 2-4 

The distribution of subcutaneous adipose tissue is individually 
variable, but also gender specific. In females, the accumulation of fat 
is generally greater on the upper thighs, hips, and buttocks. 
Consequently, females maintain their typical gynoid form with wide 
hips, in contrast to the males' android form with narrow hips. In the 
case of a chronically positive energy gain and a large increase of total 
adipose tissues, the distribution among the various compartments 
remains fairly uniform in the male. Even the abdominal visceral com¬ 
partment increases linearly with an increase in total weight. In con¬ 
trast, an increase in intraabdominal adipose tissue in females occurs 
only when a total weight gain of approximately 25 kg or menopause 
is reached. 5,6 In addition to the total adipose mass, also age influ¬ 
ences the distribution of fat. In obese men after the second decade of 
life, a continuous increase of visceral fat in relation to total body fat 
can be observed, while in women this relative increase occurs gen¬ 
erally between the forth and fifth decade of life, after the onset of 
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menopause. In females, the body habitus changes significantly. The 
typical gynoid shape becomes weaker and takes on android traits. 
From this point onward, obese women, especially those with visceral 
adiposity, increasingly develop metabolic disorders. The most signif¬ 
icant absolute and relative differences in the amount of visceral adi¬ 
pose tissue are primarily dependent on the degree of obesity and 
endogenous, genetic factors. FHowever, exogenous factors such as 
smoking and alcohol abuse also play an important role. 

The definition of "android obesity" comprises a degree of visceral 
adiposity. The diagnosis is not difficult to make when a patient dis¬ 
plays obvious abdominal enlargement and a typical habitus. 
FHowever, since visceral obesity is correlated with metabolic disor¬ 
ders and may develop without an obvious change in habitus, early 
diagnosis is of great significance. 

Obesity and Health 

The history of medicine has taught us that there is a close relation¬ 
ship between obesity and certain life-endangering disorders, which 
have been known to physicians for centuries. In modern times, 
many prospective studies involving hundreds of thousands of indi¬ 
viduals over periods of ten or more years have unequivocally 
shown that obesity is a risk factor for cardiovascular disease and 
premature death. 

As a parameter for obesity, the body mass index (BMI) or 
Quetelet index is widely utilized. It compares a person's weight and 
height and is defined as body weight (in kg) divided by the square 
of the height (in m): BMI = kg/m 2 . It is a relatively good measure of 
combined adipose mass. From the "American Cancer Society 
Study," comprising more than 750000 subjects during a period of 
more than 14 years, the lowest mortality rate was found among indi¬ 
viduals with an optimal BMI for males of 19.9-22.9, and for females 
of 18.6-23.0. A BMI of 30 increases the mortality approximately 
150%, and for a BMI of 32 it climbs to 200%. 7-9 In the "The 
Norwegian Experience," 816000 males and 902 000 females were 
studied over a period of 10 years. The mortality rate of 40-50 year 
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old men with a BMI of 34 and females of 38 was double that of 
subjects with a BMI of 22-25. 10 

DISTRIBUTION OF ADIPOSE TISSUE ISA GREATER 
RISK FACTOR THAN THE DEGREE OF OBESITY 

The origin of the heightened mortality rate is ultimately reducible to 
an accelerated atherosclerosis process, which rapidly evolves under 
the influence of the following risk factors: hypertension, hyper- and 
dyslipoproteinemia, and diabetes mellitus with hyperinsulinemia, 
among others. The frequency of these disorders is positively corre¬ 
lated with the degree of obesity (BMI). The prevalence of obesity 
makes this relationship obvious to every general medical practi¬ 
tioner today. It has also been recognized and described by physi¬ 
cians for many hundreds of years. Early on, it was suggested that a 
syndrome of obesity, hypertension, diabetes mellitus, and viriliza¬ 
tion appeared in women in the second half of their lives. Morgagni 
referred to the "virili aspectu" of these women in his famous book 
"De sedibus et causis morborum" (1 761). This syndrome, combined 
with an android habitus, was also described by von Achard and 
Thiers (1921) as diabetes des femmes a barbe. In 1947, Vague 11 
attempted to objectify these characteristic clinical phenotypes by 
measuring skin fold and circumferences in upper and lower body 
areas. With that, he composed his division of "upper-body-obesity" 
and "lower-body-obesity." Ashwell et al. u utilized circumferential 
measurements of the waist and hips, once it became obvious that it 
was not the degree of obesity, but the distribution of fat in the 
abdominal area that seemed clinically significant. The index, waist- 
to-hip ratio (WHR), is a very practical, safe, and inexpensive meas¬ 
urement. Even today, it remains the most commonly utilized 
parameter for the classification of obesity for clinical and epidemi¬ 
ological evaluations. 

A variety of terms are utilized today to describe adipose distribu¬ 
tion, but in concept they are all the same: "android obesity or gynoid 
obesity," "central obesity or peripheral obesity," "upper-body obesity 
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or lower-body obesity"; their different clinical forms are also 
compared as "apples" and "pears." 

The WHR as a measure of intraabdominal fat is not precise 
enough for many investigations, as the measurement of the cir¬ 
cumference does not take into consideration the thickness of sub¬ 
cutaneous fat, nor that of the pelvis and the musculature of the 
thigh. The size of these parameters can be highly variable in rela¬ 
tion to the amount of visceral adipose. An exact determination of 
intraabdominal fat in relation to the total body mass is only possi¬ 
ble with technically difficult and expensive procedures with inher¬ 
ent health hazards. Available today are: CT, MRI, dual photo 
absorptiometry, or dual energy X-ray absorptiometry. 13 For many 
investigations, an indirect method of calculating the visceral por¬ 
tion has been by determining the sagittal diameter (D) at a specified 
height. On the basis of numerous CT examinations, this value was 
substituted by Sjostrom who determined the visceral adipose tissue 
(VAT) in liters: 


VAT (L) = 0.731 x D - 11.5 (males), 

VAT = 0.37 x D - 4.85 (females). 

The aeromedical examiner (AME) can recognize android obesity 
with relative accuracy without the use of expensive examination 
instruments. According to J. Vague, a French diabetologist who in 
1956 described this risk constellation in detail, android obesity can 
be recognized by a simple "clinical glance." An objective measure 
can be accomplished with a tape measure. A waist measurement of 
less than 94 cm in men and 80 cm in women to a large extent rules 
out android obesity. 

These figures were defined in 2005 by the consensus group of 
IDF (International Diabetes Federation) for Europids, indicating that 
in future epidemiological studies of populations of Europid origin, 
precedence should be given to using both European and North 
American cut-off points to allow better comparison. For other ethnic 
groups (not country of residence), other figures are valid, e.g., 90 cm 



180 


H. H. Ditschuneit 


for men and 80 cm for women of South Asian, Chinese and Japanese 
ethnicity. 

Hormonal and Exogenous Factors that Control Visceral 
Adipose Acquisition 

The prerequisite for the development of android obesity is a net 
energy gain, for which a heightened energy intake is responsible in 
the first place. The distribution of adipose tissue underlies genetic 
and neurohormonal control mechanisms. Sex hormones and androg¬ 
ynous steroids play an important role. This is why women have less 
visceral fat than men. This difference disappears after menopause due 
to the increased secretion of androgynous steroids. With particularly 
exaggerated shifts in the spectrum of android and gynoid active hor¬ 
mones toward the android side, the clinical picture of "virili aspectu" 
(Morgagni) is easily recognizable. Android obesity is not a particular 
disease, but an expression of the normal aging process, occurring 
mostly in highly developed countries due to prevailing lifestyles. The 
formation of android obesity appears to be accentuated by hypogo¬ 
nadism with reduced testosterone secretion in men, and in women 
by an android hormone constellation. Seidel la and others reported in 
1990 14 a negative correlation between visceral adipose and testo¬ 
sterone levels in men; Marin and others 15 later (1992) showed that 
therapeutic testosterone can positively influence visceral adiposity. 
These earlier observations are gaining renewed interest as prospec¬ 
tive longitudinal studies in Finland 16 of 702 men over a period of 
11 years showed that the majority of men with initially low levels of 
testosterone and SFHBC (sex hormone-binding globulin) developed 
metabolic syndrome and Type 2 diabetes mellitus. These observa¬ 
tions indicate that hypogonadism may be significant for visceral fat 
growth, and that hormonal therapy might be indicated in the treat¬ 
ment of metabolic syndrome. FHowever, corresponding prospective 
studies that would explain such a process have not been carried out 
yet. Considering the rapid increase in this metabolic disorder, further 
research into this problem is desirable. 
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The endpoint of the scale of the hormonal adjustment in the 
female is embodied in the syndrome of polycystic ovary degenera¬ 
tion. There are no known significant clinical markers of reduced 
testosterone secretion in the male. 

Conspicuous are the results of epidemiological studies, which 
not only statistically connect WHR, hypertension, stroke, hyperlipi¬ 
demia, and diabetes mellitus, but also BMI, smoking, and alcohol 
use. 17-19 From this follows that a reduction of abdominal adipose 
along with control of exogenous factors such as smoking and alco¬ 
hol use, can have a positive influence. Corresponding examination 
results in a large collective of factory workers by Kornhuber et al. 
support these assumptions. 20 The authors reported a significant cor¬ 
relation between gamma-GT, BMI, hypertension, hyperinsulinemia, 
and glucose intolerance, whereby it was suggested that the vari¬ 
ability of gamma-GT within the defined normal range of 6-28 U/L 
was caused by what is considered in today's terms a "normal" 
amount of daily alcohol ingestion (< 60 g ~ five units). In the 
Bavarian idiom, a large stomach is a Bierbauch. In France, in prior 
days, the term en bon point was used about the visible sign of pros¬ 
perity, a nicely rounded abdomen achieved by daily access to a 
cultivated cuisine complemented with good wine. 

Lipolysis in Visceral Adipose Tissue as the Etiology 
of Associated Diseases 

Android obesity is not an illness perse, but it leads to illnesses which 
have been termed "the metabolic syndrome." Pathophysiologically, 
the enhanced lipolysis of visceral fat with direct drainage into the 
liver is of central importance. This process leads to hyperlipidemia, 
which can be verified peripherally. 21 In the case of balanced carbo¬ 
hydrate metabolism with normal glycogen stores in the muscles and 
liver, a high supply of free fatty acids (FFA) leads to a reduction in glu¬ 
cose utilization with a rise in glucose blood levels and a resultant rise 
in insulin secretion with concomitant hyperinsulinemia. The experi¬ 
mental proof of this corresponding reduction in insulin sensitivity has 
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been documented in many occupational groups. 22 This insulin resis¬ 
tance is not at the beginning of the chain of events, but rather the 
consequence of hyperlipacidemia resulting from fat deposition in the 
portal region. This metabolic situation of elevated fatty acids in 
the blood in the presence of normal glycogen stores, particularly 
in an equalized carbohydrate balance, is unique and only appears in 
android obesity. 

Hyperlipacidemia not only increases the oxidation of fatty acids 
but also the synthesis of triglycerides in the liver and therefore the 
formation and secretion of VLDL. The consequence is an elevation of 
triglyceride levels in the blood. The elevated VLDL concentration and 
its lengthened half-life in the blood disrupt the metabolism of chy¬ 
lomicrons, thereby additionally challenging the exchange process of 
cholesterol and triglycerides with HDL and VLDL. A decline in HDL- 
cholesterol and a shift in the spectrum of HDL to triglyceride-rich 
particles therefore results. A similar shift in the spectrum of LDL- 
lipoproteins to small particles is likewise related to these processes. 
The synthesis of apoprotein-B is increased, and the concentration 
and thereby the amount of LDL particles in the blood is raised. 23 
A greater influx of FFA in the liver has further consequences for total 
metabolism. The clearance of insulin decreases, so that hyperinsu- 
linemia is amplified. Even gluconeogenesis is heightened, which 
favors a rise in blood sugar following fatty acid dependent reduction 
in glucose utilization. This hormonal constellation favors the changed 
metabolic equilibrium always found in visceral obesity. Diseases, 
such as diabetes mellitus, appear many years later when the partici¬ 
pating systems decompensate and the elevated insulin secretion can¬ 
not be upheld any longer. Cardiovascular diseases become manifest 
when the atherosclerotic processes in the arteries have reached a 
certain degree. 

All other associated diseases of the metabolic syndrome can be 
understood as decompensations of metabolic cycles. The severity of 
clinical signs and the appearance of obesity manifestations vary sig¬ 
nificantly and are dependent, not only on the degree of obesity and 
the length of time it has been present, but also probably on indivi¬ 
dual different genetic markers. For example, in one case, hypertension 
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might be the primary feature, while in others, it may be diabetic 
glucose intolerance, hyperlipoproteinemia, or hyperuricemia. In 
some individuals, the existence of these diseases is only evident after 
several years of obesity, in others much sooner while some never 
experience them. A completely healthy obese person is certainly 
extremely rare. Centenarians are never overweight. 

The definition of the diseases mentioned above depends on the 
proof of specific parameters, which exceed statistically defined nor¬ 
mal ranges; however, each abnormal parameter (blood pressure, 
blood glucose, serum lipid, insulin, uric acid, and others) can exist in 
healthy persons as well. There are no coexisting subjective com¬ 
plaints or reduction in performance levels associated with them. 
These parameters are only evident when the consequences of the 
metabolic syndrome have reached a stage where the accelerated 
atherosclerosis process interferes with organ perfusion. They then 
determine the course and clinical markers of the disease, and the fate 
of the stricken individual. 

With the increasing prevalence of obesity, the AME is also more 
frequently confronted with the problems caused by the metabolic 
syndrome. With increasing frequency, blood pressures are registered 
that exceed statistical norms, resulting in a diagnosis of hypertension. 
Additionally, diabetes mellitus, hyperlipoproteinemia or hyper¬ 
uricemia are more commonly diagnosed by laboratory testing, 
although those conditions do not cause any symptoms or reduction 
in fitness. These findings must not necessarily give rise to the dis¬ 
qualification of a pilot. The AME should take this into consideration 
and intensively search for signs of atherosclerosis as well as counsel 
the patient regarding individual risk factors and possible intervention. 
Obesity and metabolic syndrome are not inescapable fates; they 
are eminently treatable with the appropriate dietary and physical 
measures as are their accompanying risk factors. Many captains have 
been diagnosed with diabetes mellitus on the basis of pathological 
glucose tolerance tests. The threat of loss of the medical certificate 
can often be averted with a weight loss of as little as 5 kg. The reduc¬ 
tion in body weight leads to a normalized glucose tolerance, the dia¬ 
betes mellitus is cured and the pilot can keep his medical certificate. 
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Even younger obese persons, (still) without definitive proof of a 
metabolic deviation from normal, should have the necessity of 
weight loss explained to them, especially if the family history gives 
clues to pertinent diseases. The AME's duty is not limited to provide 
expert opinion about diseases of regulatory importance; the exami¬ 
nation situation should always be used to also give individualized 
preventative medical advice. 


PROBLEMS OF OBESITY THERAPY 
Indications 

Indication for obesity therapy is not only determined by the degree of 
obesity, but more often by the associated manifestations of, or antici¬ 
pation of, metabolic disorders. Whether or not any of these disorders 
(as understood under the concept of metabolic syndrome — vide 
supra ) are to be expected, may be determined with a great degree of 
certainty from the family history and the type of obesity. The android 
form of obesity is much more predictive than the gynoid form. 
Despite a negative family history and regardless of type of obesity, 
morbid obesity is an indication for therapy due to mechanical over¬ 
load of the joints, reduction in physical capacity, disturbances of 
ventilation and/or the Pickwickian syndrome. These patients are 
rarely approachable. 

When indication for treatment is determined to be primarily for 
the prevention and treatment of a metabolic disturbance and the 
obesity is mild, all that is needed is diet and exercise, not medica¬ 
tions. In rare cases, a reduction in weight may be indicated for some¬ 
one with a normal body mass. 


Influence of Diet on Body Composition 

Energy is required by the body primarily for sustaining the basal 
metabolic rate, thermogenesis, and physical activity. This is provided 
by direct oxidation of substrates, which are taken up primarily from 
fat stores. An increase in food intake beyond what is required will 
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lead to an enlargement of fat stores, while a decrease below the 
required amount will lead to a reduction. A large daily increase in 
food intake is followed by a rapid raise in body weight, while a small 
constant increase will result in a slow weight gain. The same dynam¬ 
ics apply when the reduction in food intake falls below requirements; 
a rapid weight loss can be achieved alone through a severe restric¬ 
tion of energy intake. 

The increase in body weight from a positive energy balance 
consists of 75% fat and 25% fat-free body mass, primarily water. 
A negative energy balance, however, does not lead to a qualitatively 
similar loss. Weight loss is qualitatively very variable; it depends on 
the composition of the body and of the restricted diet. 

The principle of dietary therapy can only consist of a reduction of 
daily energy intake below that which is required. This requirement 
can vary greatly among individuals, not only through individually 
variable physical activity, but also by way of metabolic processes, 
thermogensis, and basal metabolic rate. 24 When energy intake falls 
below minimum requirements, the organism is forced to digest its fat 
stores. Together with fat, carbohydrates and proteins are also enlisted 
for energy acquisition. The stores of carbohydrates, in the form of 
glycogen and glucose, are relatively small, corresponding to 1000 to 
2000 kcal. Protein in the form of muscle mass and other cellular 
structures are available in much larger amounts. Amino acids can be 
restructured to glucose via gluconeogenesis, and in this manner 
oxidative intermediaries can be utilized for energy extraction. 

It is difficult, if not impossible, to increase carbohydrate and 
protein stores by ingesting the corresponding nutrients. When the 
weight and energy balance is constant, the energy content of a meal, 
primarily of carbohydrates and proteins, is oxidized and any surplus 
transformed into fat. The enrichment of a meal with fat, therefore, 
does not lead to reduced oxidation of carbohydrates and decreased 
metabolism of protein, because the entire amount of ingested fat will 
be stored in the fat depots. 25 This process of fat storage costs only 
about 3% of the calories thus stored. Ingestion of carbohydrates and 
protein above the immediate requirements will increase the synthe¬ 
sis of triglycerides which will be deposited as fat. However, about 
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23% of the calories will be transformed to heat. 26 Due to this 
alimentally induced thermogenesis, energy consumption after a meal 
rich in carbohydrates and protein is significantly greater than after a 
fatty meal. This metabolic process is very important for long term 
dietary therapy. 

Requirements for Weight Loss Diets 

The composition of weight loss diets has been contemplated by many 
for a long time and countless diet plans have been pulished during 
the last 100 years or more. The total cessation of food intake, which 
has been researched in detail and was recommended by Benedict in 
191 5, is certainly the fastest, but not the best method. 27,28 

75% of a weight gain consists of fat, while a weight loss through 
fasting consists primarily of protein while only a small amount of fat 
is additionally lost. After an initial phase of nutritional deprivation, 
lasting only a few days and characterized by a rapid decline in pro¬ 
tein metabolism, 29,30 a second phase of protein degradation occurs, 
at a daily rate of about 100 kcal, or 3-5% of the total energy require¬ 
ment. These two phases of reduced protein metabolism is not only 
proven to occur in humans, but also in other animals, such as 
geese, 31 emperor penguins, 32 seals, 33 and rats. 34 The only known 
exception to this rule is the hibernating bear. 35 A protein loss of 
30-50% is life-threatening, and since fasting diets often reach this 
level prior to the achievement of the desired fat loss, modified diets 
as alternatives to total fasting have been suggested. All advocate a 
small amount of protein to counteract protein catabolism occurring 
from a negative energy balance. Ingestion of protein during a period 
of negative energy balance does not lead to an increase in the energy 
budget from increased protein catabolism, but through enhancement 
of the protein balance by way of anabolic metabolism. After total 
fasting for several weeks the infusion of a mixture of L-amino acids 
of high biological grade will only minimally increase the excretion of 
nitrogen, and with an influx of 30-35 g, a balanced equilibration can 
be achieved. Orally ingested amino acids or protein have the same 
effect. With a small amount of biologically high-grade protein, an 
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optimal weight loss diet can be composed, thus preventing protein 
loss. The protein balance, with respect to high-grade protein, can fur¬ 
thermore be significantly improved by the addition of carbohydrates. 
Our own studies of protein balance, using egg white protein, has 
shown that a loss of 1145 g protein, due to total fasting for four 
weeks, can be entirely compensated by a daily ingestion of 50 g pro¬ 
tein together with 25 g carbohydrates. The component of fat in the 
combined weight loss thereby rises from 43% to 79%, while the loss 
of protein decreases to 3% (Wechsler ef a/. 26 ). A daily ingestion of 
50 g protein and 25 g carbohydrates constitutes a maximal value, 
which will ensure the protein balance even for therapeutic periods of 
six months and longer. This concept has been confirmed by treatment 
of hundreds of patients, both ambulatory and hospitalized, and in 
one extreme case, over a period of 13 months. In most cases 
Modifast — Ulmer Trunk7 (three bottles per day) or a conventionally 
constituted diet restricted to 450 kcal was utilized. 

The highest biological grade of water-soluble protein is whey pro¬ 
tein 36 which has long been recommended as beneficial during fast¬ 
ing. Already in the Promptuarium medicinae (1483), such treatments 
were recommended, which later developed into the "Schweizereien" 
in many spa resorts, such as Bad Boll in Wurttemberg. These modi¬ 
fied fasting therapies, with calorie restrictions below 500 calories, 
offer a further advantage in that after about three days, feelings of 
hunger disappear whereby compliance is improved. 

Daily weight loss is individually variable. While thermogenesis 
rises during an increase in food ingestion, energy consumption 
declines when food intake is restricted. This teleological, ingenious 
and healthy regulatory mechanism is individually variable but is 
more pronounced in obese than in thin people. 37 Correspondingly, 
the amount of attainable weight loss differs greatly among individ¬ 
uals. It lies between 200 and 400 g body weight per day. Among 
those with android obesity, the resulting weight loss occurs more 
rapidly. 

Success from weight loss diets is dependent on many factors. In 
addition to a diet of protein and carbohydrates, it is important to pay 
attention to vitamins, minerals, and trace elements when dealing 
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with long term treatment. Vitamin requirements are related to the 
amount of calories ingested and are of great concern to health¬ 
conscious individuals. This also applies to trace elements and 
minerals, but it should be kept in mind that elimination of these 
is restricted with decreased food intake, and vice versa. 
Recommendations that have been articulated by a variety of insti¬ 
tutions, among others the German Society for Nutrition, should be 
taken into consideration. 

The numerous globally advertised "wonder diets" should be 
required to prove whether they contain the required amount of pro¬ 
teins, vitamins, minerals, and trace elements. The diet that guarantees 
this while delivering the minimum amount of calories will result in 
the fastest weight loss. These treatment modalities, which have been 
described in the literature as modified fasts, require medical over¬ 
sight. Additionally, they should document achievement and prevent 
relapses by incorporating intensive education of the patient about the 
health hazards of obesity, health improvement through weight loss, 
nutritional value and energy content of foods, practical instruction 
regarding food preparation, and the energy budget of the human 
organism. 

Of greater importance than the adjustment of protein balance is 
an adequate daily fluid intake of at least three liters. Too small a fluid 
intake leads to an elevated aldosterone secretion and carries a risk of 
hypokalemia and acidosis due to oliguria. Renal disorders may 
increase the danger of hyperuricemia. Reduced physical capacity, 
headache, malaise, and hypotension are evident only when fluid 
intake falls below three liters and urine production falls below two 
liters daily. 

Nutritional Requirements in Primary Prevention 

Everywhere in the animal kingdom where non-natural energy 
sources abound, particularly fat ad libitum , the rate of obesity rises. 38 
The same is true for humans. This teleologically healthy reaction 
to increased food intake was a survival mechanism for hunters and 
gatherers for thousands of years when access to food was scarce, but 
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is deadly in times where food is available in overabundance. So 
today the questions arise: What are the dietary possibilities to restrict 
superfluous energy intake? How can obesity be sucessfully treated? 
And what recommendations can be made for general prevention of 
obesity? 

Many epidemiological examinations verify that a high fat intake 
is tightly correlated to obesity. In the USA, for example, calorie 
expenditure has fallen by 3% over the past 70 years, while fat inges¬ 
tion has increased by 31% with a corresponding increase in obesity. 
In the former Eastern Germany, 46% of calories come from ingestion 
of fat compared with 42% in the old federation. The rates of obesity 
between the two Germanys vary correspondingly. Experimentally, it 
has also been verified that over-ingestion of foods rich in fat results 
in a more rapid weight gain than over-ingestion of foods rich in 
carbohydrates. 39 

Based on experimental findings about the constancy of glycogen 
and protein stores, it can be calculated that a daily excess intake of 
only 100 kcal in the form of fat will increase a person's body weight 
by 9.3 kg in one year. An excess daily intake of 100 kcal in carbohy¬ 
drates will also lead to weight gain, but at a slower rate. This is due 
to the fact that carbohydrates lose 23% and fat only 3% of their 
energy during the process of fat storage. This process is of great 
importance in understanding the effect of fat ingestion on body 
weight. Clinical experiments as well as clinical experience addition¬ 
ally demonstrate that many small meals per day are better than a few 
larger meals of equal energy content. When dietary fat is replaced 
with carbohydrates, an automatic increase in meals made from plant 
fibers will occur. In addition to the favorable effects of these fibers for 
the treatment of obesity 40 and the prevention of relapse after weight 
loss, the indigestible soluble fibers of oat bran and fruits with skins 
are also effective against metabolic disorders related to obesity. 41 
They should therefore be eaten daily in the amounts of 40-50 g. For 
primary prevention, the following formulas are recommended: 

1) Reduction of fat ingestion to 20-25% of total caloric intake 

2) Distribution of food intake on at least five meals daily 
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3) Increase in indigestible fibers to 50 g per day, the majority of 
which should be insoluble 

4) Reduction of the amount of animal-derived saturated fat to one 
third of total fat intake 

NUTRITIONAL THERAPY FOR CARDIOVASCULAR 
DISEASES 

The most common cause of death in all industrialized countries is 
cardiovascular diseases, claiming almost half of all fatalities. These 
illnesses are based on atherosclerotic changes in the arteries and 
manifest themselves clinically as coronary heart disease (CHD), 
myocardial infarction (Ml), cerebrovascular accidents, and peripheral 
and cerebral circulatory deficiencies. The sclerotic alteration of the 
arterial wall, which produces a widening of the lumen and a reduc¬ 
tion of elasticity, is a physiological condition of the normal aging 
process. It leads to a continual further reduction of the elastic func¬ 
tion of the aorta and, according to the calculations of Bader, is com¬ 
patible with a lifespan of 120 years. In contrast, atherosclerosis is 
unrelated to the physiological aging process; it is a reaction of the 
arterial wall to damage from a variety of stresses, usually referred to 
as risk factors. The risk factors determine the extent of the athero¬ 
sclerotic changes and the time at which clinical manifestations 
appear. Morphologically, it has to do with degenerative changes that 
initially result in alterations of the intima. The atherosclerotic process 
is triggered and sustained by these risk factors. Without risk factors, 
there would be no atherosclerosis. Retrospectively, in terms of car¬ 
diovascular diseases, atherosclerosis does not represent an 
inescapable destiny. In order to successfully tackle the avalanche of 
cardiovascular diseases, prevention by elimination of risk factors 
must be pursued. 

These risk factors are highly correlated to diet and lifestyle, so the 
choice of therapy is easy. The practical application, however, is diffi¬ 
cult because a successful outcome requires the patient to change diet 
and lifestyle. This requires self-discipline; the physician can only give 
advice and make recommendations. No medications exist that can 
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prevent the damage inflicted by an unhealthy diet and lifestyle; 
whether such medicines can be developed is very questionable. 

Clinically, the most important risk factor for vascular diseases 
is android obesity with the associated metabolic disorders of 
hyperlipoproteinemia, hypertension, Type 2 diabetes mellitus, 
hyperinsulinemia, and hyperuricemia. Patients with this metabolic 
syndrome make up the largest and most important group. In daily 
clinical practice, we have to treat those with android obesity by 
eliminating the causal factors and thus prevent the process of 
atherosclerosis. Only in this manner can we achieve unambiguous 
success in the fight against cardiovascular disease. Today, we can 
very effectively treat the symptoms of hypertension, hyperlipi¬ 
demia, and hyperglycemia with medications, but they must be 
administered lifelong. Even lengthy treatment does not normalize 
the underlying pathophysiological disorders. Therefore, for exam¬ 
ple, medical treatment of Type 2 diabetes mellitus alone will not 
stop the dangerous progression of atherosclerosis, and the patient's 
lifespan will not be improved. Likewise, lifelong treatment with 
anti-hypertensive or antihyperlipidemic medications will not elim¬ 
inate the dreaded athero-sclerosis and the intrinsic hazards of this 
metabolic ailment. 

The various risk factors should not be evaluated and treated as 
individual diseases. The diagnosis is based on the aberration of spe¬ 
cific metabolic parameters into statistically proven pathological 
ranges. One should view these as a decompensation of normal meta¬ 
bolic regulation resulting from long-standing overload and not as an 
independent illness. Therapeutically, one must only eliminate the 
overload in order to overcome the decompensation and the meta¬ 
bolic derailment. 

Those with risk factors related to android obesity exhibit one other 
anomaly that supports the concept of a generalized metabolic overload: 
the individual symptoms appear in various strengths, but always together. 
In patients with hypertension, one finds individually different expressions 
of hyperlipidemia, glucose intolerance with elevated insulin, fatty 
acid and uric acid levels. A similar constellation can be observed 
in patients with Type 2 diabetes mellitus or hyperlipoproteinemia. 
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All these symptoms can be successfully treated only by elimination 
of the android obesity. 

Nutritional therapy in people with cardiovascular diseases is 
therefore, first and foremost, dietary restrictions oriented toward the 
elimination of android obesity (see Section 3.3). 

Hyperlipoproteinemia as a risk factor 

Disturbances in plasma lipid metabolism are a significant risk factor 
for rapid and premature development of atherosclerosis. Hyper¬ 
lipoproteinemia is generally categorized into a primary form, which 
is genetically determined, and a secondary form, which is the result 
of a variety of illnesses or of certain medications. The primary form 
is traceable to a variety of defects that alter the structure, the func¬ 
tion, and the concentration of apolipoproteins, as well as to the 
mobilization of lipid enzymes and receptors. The result is usually 
an increase, seldom a decrease, in individual lipid fractions. The 
extent of the lipoprotein increase in the blood is not exclusively 
genetically determined but is also strongly influenced by exoge¬ 
nous, especially nutritional factors. An important factor is a hyper¬ 
caloric diet resulting in overweight. The amount and the 
composition of dietary fat is of great significance, as are dietary 
cholesterol, carbohydrates, and fibers. 

Excess food intake leads to an increase in triglyceride synthesis in 
the liver and to an elevated delivery ofVLDL particles into the blood¬ 
stream. When this augmented VLDL production is no longer com¬ 
pensated by a rise in lipolytic activity, the result is an elevated 
triglyceride level in the blood. Hyperlipacidemia (elevated free fatty 
acids in the blood), which always accompanies android obesity, is of 
great significance. During the course of the day, these fatty acids are 
resynthesized in the liver, leading to a significant rise in the total 
VLDL production of more than 100 g of triglycerides per day. This 
endogenous source of driven triglyceride synthesis often consider¬ 
ably exceeds the exogenous intake. The result is that the lipolytic 
capacity of the blood is exceeded, resulting in an elevated trigly¬ 
ceride level. 
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Following an increased production of VLDL, and thereby an 
increased degradation of VLDL into cholesterol-rich LDL, a rise in 
total cholesterol levels occurs. The less developed the LDL receptor 
activity, the greater this rise. The LDL receptor activity, by which the 
elimination of the LDL particle takes place, is inhibited by the con¬ 
tinuously elevated supply of saturated fatty acids found in overweight 
individuals. Often a reduced level of HDL-cholesterol is also found 
in these individuals. This occurs because the exchange of cholesterol 
and triglycerides between HDL and VLDL is accelerated, and the 
larger VLDL-rich triglyceride portion consequently circulates longer 
in the bloodstream. A direct absorption of HDL into adipose tissue 
also appears to contribute. 

The changes in metabolic regulation found in obese individuals 
therefore leads to an elevation of triglycerides and LDL-cholesterol in 
the bloodstream, and a decrease of HDL-cholesterol. On one hand, 
the extent and relative shift is dependent on the degree of obesity 
and the amount of ingested animal fat with a high percentage of sat¬ 
urated fats, and on the other hand, it is dependent on genetically 
determined and individually developed regulatory mechanisms of 
lipid metabolism. 

The Significance of the Type of Dietary Fat 

Both quantity and quality of dietary fat are important for the devel¬ 
opment of hyperlipoproteinemia. In Germany, which in this regard is 
similar to other highly developed industrial countries, dietary fat 
comprises 40-45% of total dietary energy ingestion. The majority is 
of animal origin and has a high concentration of saturated fats. Of all 
dietary components, these saturated fats exert the greatest effect on 
the pronounced rise in cholesterol. They especially elevate the LDL 
particles, of which 50% are composed of cholesterol. Saturated fats 
reduce the receptor activity of the LDL particles, thereby reducing the 
catabolism of LDL. Laurie acid (dodecanoic acid - C 12 H 24 0 2 ), myristic 
acid (tetradecanoic acid - C 14 H 28 0 2 ), and palmitic acid (hexadecanoic 
acid - C 16 H 32 0 2 ) have the greatest effect. These fatty acids are gener¬ 
ally eaten in amounts of 30-60 g daily. Stearic acid (octadecanoic 
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acid - C 18 H 36 0 2 ) behaves neutrally as it quickly desaturates to oleic 
acid (monounsaturated T-9 fatty acid - C 18 H 34 0 2 ) which leads to a dis¬ 
tinct reduction in total and LDL-cholesterol. It is assumed that oleic 
acid inhibits the suppression of the LDL receptor by displacing satu¬ 
rated fats. Even triglycerides associated with hypertriglyceridemia are 
reduced by oleic acid. 

Polyunsaturated fats are differentiated between co-3 and co -6 fatty 
acids. The co -6 FA (with the first double bond in the carbohydrate 
chain at the sixth C atom from the methylated end) are found prima¬ 
rily in plant oils (linolic, linolenic, and arachidonic acid). In the 
exchange with saturated fats, these co -6 acids reduce both total and 
LDL-cholesterol levels. In addition to the passive dissolution of the 
receptor suppression, a direct elevation of receptor-dependent 
absorption of LDL-cholesterol is presumed to be the cause. At high 
intakes of 12-1 5%, even the HDL-cholesterol is reduced. This is pri¬ 
marily due to eicosapentaenoic acid (20:5 (n-3)) and docosahexaenic 
acid (DHA - 22:6(T-3)). These acids inhibit the hepatic synthesis of 
triglycerides, and thereby diminish VLDL-triglyceride concentration. 
With a daily ingestion of 1.5-3 g, the triglyceride concentration is 
reduced by about 25%. This amount can be reached by eating about 
150 g of mackerel, herring, tuna, or salmon. 

The co-3 fatty acids are also thought to favorably influence the 
atherosclerotic process in the arterial wall. V-Linolenic acid (ALA - 
1 8:3 (n-3)) is effective only in very large doses, which is not achieved 
in treatment. Eicosapentaenoic acid is effective in much lower 
amounts, which is attainable in a normal diet. The co-3 fatty acids 
inhibit inflammatory processes and influence the blood clotting 
through inhibition of platelet adhesion and aggregation. This effect is 
based upon: 1 ) the transformation of linolenic acid to arachidonic acid 
in that the product-inhibition is decreased, and 2 ) that eicosapen¬ 
taenoic acid competes with arachidonic acid for the synthesis of 
eicosanoid, which is dependent on necessary enzymes. In this man¬ 
ner, the formation of the strongly aggregating and vasoconstrictive 
thromboxane A2 (TXA2 - C 20 H 32 O 5 ) is restricted in favor of TXA, 
which has only a weak effect on aggregation and vasoconstriction. 
Simultaneously, more PC-1 3 is formed instead of prostacycline-l 2 , 
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both of which have anti-aggregating and vasodilating activities. The 
result is a reduction in the tendency toward thrombosis, an increase 
in bleeding time, and a fall in blood pressure. Beyond metabolism, 
eicosapentaenoic acid influences leukotrienes, which are important 
mediators of inflammation and allergic reaction. Leukotriene B4 
(LTB4), which is formed from arachidonic acid, has strong chemo- 
tactic and aggregation effects. Because inflammation and thrombo- 
genic processes have great significance in the development of 
atherosclerosis, it is certain that eicosapentaenoic acid also has an 
anti-atherogenic effect. 

Dietary Cholesterol 

The importance of cholesterol in our diet is a favorite topic in lay 
literature. 

Unfortunately, the information given is usually inaccurate. 
In humans, dietary cholesterol has only a small effect on blood lev¬ 
els. An elevation of 100 mg/day in the diet will only result in an ele¬ 
vation of 2 mg/dl_ in the blood. This effect is probably caused by a 
reduction in the catabolism of LDL particles. There is great individual 
variability. 

While most people react only marginally or not at all to an 
increase in cholesterol ingestion, in some individuals it causes a pro¬ 
nounced increase in the blood level. This variability is related in part 
to the variability in resorption, which ranges from 20 to 80%. The 
hypo-responder effectively restricts endogenous cholesterol synthesis 
during increased ingestion, while the receptor activity is largely unaf¬ 
fected and maintained. The hyper-responder apparently has a genet¬ 
ically underdeveloped regulatory mechanism, or none at all. 

The Influence of Carbohydrates 

Similar to cholesterol, a high intake of carbohydrates has a variable 
effect on blood lipids. A caloric exchange of fat for carbohydrates 
always leads to a rise in triglycerides. Many people have a negligible 
elevation, while in others, especially in those with a prior elevated 
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triglyceride level, the rise in triglyceride blood levels after an increase 
in carbohydrate ingestion can be multiples of the base value. This 
elevation can be particularly pronounced with ingestion of a large 
amount of mono-and disaccharides. The effect of polysaccharides is 
less. A diet rich in carbohydrates can initiate a decrease in choles¬ 
terol. This effect is dependent on a simultaneous restriction in fat 
ingestion. 

The Influence of Fibers 

Fibers have a favorable effect on the serum lipids in that they reduce 
the level of total cholesterol and LDL. In part, this effect can be 
attributed to the fact that a high dietary fiber content forces a reduc¬ 
tion in the fat and sugar content while increasing the content of 
starch. Moreover, soluble fibers such as guar, pectin, and the solu¬ 
ble fibers in oats and beans directly reduce cholesterol concentra¬ 
tion, as they bind to bile salts and therefore are ot accessible to the 
enterohepatic circulation. The result is an increase in bile salts, 
which strengthens the metabolism of the building blocks of choles¬ 
terol and thereby reduces the cholesterol pool. In order for this 
effect to occur, a large amount of fibers is needed, about 120 g oat 
bran or 100-130 g of beans per day, which may not be a practical 
diet to follow. 

The Significance of the Metabolic Syndrome 

The relationship between obesity and the risk factors for atheroscle¬ 
rosis, and therefore cardiovascular disease, has been pointed out in 
countless publications and many clinical experimental investigations 
have been based on that relationship. This always involves cross-sections 
of groups of patients. These kinds of investigations have the disad¬ 
vantage that groups of patients with a variety of disease processes 
are summarized, and therefore the progression of metabolic distur¬ 
bances is not completely discernable. The first results from longitudi¬ 
nal studies in monkeys verified the results from cross-sectional 
investigations in humans. 
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Monkeys that had received a diet based on their actual require¬ 
ments and therefore remained thin, demonstrated a minor rise in 
blood sugar, a slight decrease in glucose tolerance, and a minor 
increase in insulin levels with aging. A group of monkeys that 
received unlimited food during the same study period became obese 
and developed continuous hyperinsulinemia with a corresponding 
decrease in glucose tolerance. They eventually developed diabetes 
mellitus, as the elevated insulin levels could no longer be sustained. 
The insulin sensitivity continually declined in the setting of aug¬ 
mented food intake, while the condition of obesity continued. The 
increased insulin production could only be continued for a limited 
period of time, individually variable. Eventually the production 
became insufficient, which resulted in manifest diabetes mellitus. 
Disorders in lipid metabolism developed correspondingly. 

The results of the longitudinal animal studies strongly support the 
general clinical experiences of the last five decades, that cardiovas¬ 
cular disease is caused by excessive fat ingestion. Our endeavors 
must therefore focus on adjustment of diet and regulation of body 
weight and not on pharmaceutical regulation of blood sugar, choles¬ 
terol, triglycerides, uremic acid, insulin, blood pressure, etc. Body 
weight is the deciding factor for long term success. Prescribing 
medications without regard to dietary obesity and the metabolic 
syndrome is akin to malpractice. 

The Principles of Nutritional Therapy of Cardiovascular 
Diseases 

1) The ingestion of energy must be decreased in order to reduce 
body weight. The ratio of waist-to-hip circumference must be 
reduced below 1.0 for men and 0.8 for women. In order 
to achieve this goal within a reasonable period of time, nutri¬ 
tion must be significantly restricted over a period of several 
weeks or months. The fewer calories ingested, the faster the 
weight reduction and the sooner the goal will be reached. In 
order to lose 1 kg fat, about 7500 calories must be eliminated 
from the diet. 
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2) The content of fat, especially animal fat, must be reduced to less 
than 30% of the total intake of calories. Primarily, plant fats and 
oils should be utilized. Fish with a high content of co-3 fatty acids 
(herring, mackerel, tuna, salmon) should be incorporated fre¬ 
quently into the dietary plan (two to three times 100-150 g per 
week). 

3) Nutrients with a high fiber content should be given preference. 
Mono- and disaccharides are to be avoided. Sweetened drinks 
must be replaced with water or other calorie-free drinks. 

4) The lifestyle should be oriented toward adequate physical activ¬ 
ity. Physical exertion should be such that the heart rate attains a 
rate of at least 1 70 minus the age (in years) at least twice daily for 
10 minutes at a time. 

5) As risk factor number one, smoking must be discontinued entirely. 

6 ) The quality of treatment is determined by the resulting body 
weight, not by the changes in the metabolic parameters in the 
blood nor in the type and amounts of prescription medications 
needed. 
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Chapter 8 


Introduction: The Role of Medical Factors 
in Accident Investigation 

Use Janicke, Norbert Schauer, Marcus Wieczorek 
and Reinhard Holtgen* ,+ 


In general aviation, acute illness leading to sudden incapacitation 
and thereby to fatal accidents is estimated to cause 1.5% of fatal 
accidents. 1 On the basis of autopsy results from 1000 consecutive 
fatal accidents in the UK between 1956 and 1995, medical and toxi¬ 
cological factors were found to be causative or contributory in 4.7% 
of fatal cases, most often in the categories of glider flying and private 
aviation. 2 From an operational point of view, this is not surprising, as 
approximately 90% of all pilots engaged in single crew operations 
belong to these two groups. 

The most common medical factor is cardiovascular diseases, 
causing almost half of all sudden incapacitation accidents. 
Consequently, the prevention of sudden cardiac events in pilots and 
the correct risk assessment in those with cardiac conditions are 
important tasks for the aeromedical consultant. In commercial pilots, 
cardiovascular events occur less commonly than in the general pop¬ 
ulation, due to stringent selection criteria and regular medical 
screening of pilots. Fatal accidents with a medical cause rarely occur 
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Table 1. Medical Factors as Cause of Fatal Aviation Accidents 


Category 

Accidents 

Total Number 

of Causes 

Cardiovascular 

Causes 

Other Medical 

Causes 

Total Medical 
Causes (%) 

Glider 

67 

6 

2 

8(12) 

Private 

375 

9 

17 

26(7) 

Commercial 

114 

4 

1 

5(4) 

Military 

407 

3 

5 

8(2) 

Paraglider/ 

37 

0 

0 

0 

Hang glider 





Total 

1000 

22 

25 

47(4.7) 


in multi-crew operations. The situation is entirely different in general 
aviation where the pilot pool is very heterogeneous and includes 
pilots of all ages and socio-economic backgrounds, and where car¬ 
diovascular diseases are as common as in the general population. 

The current medical requirements (the International Standards 
and Recommended Practices of ICAO and, in Europe, JAR Class I and II) 
are based on the so-called 1% rule. After multiple attempts at risk 
quantification by various aeromedical authorities, this rule became 
generally accepted in 1984 following the first UK CAA Conference 
on Cardiovascular Risk and Flying. The rule stipulates that, for Class I 
certification, the risk of an incapacitating medical event in a pilot 
engaged in multi-crew operations should not exceed 1% per year 
(i.e., one event in about 10 6 hours or 100 years). This corresponds to 
the cardiovascular mortality rate of a 60-65 year old man in north¬ 
ern Europe. The rule is based on the assumption that only one tenth 
of the flying time (departure, climb, descent and landing) is critical 
and that the other pilot will be able to sucessfully take over the con¬ 
trol of the aircraft in at least 99 of 100 cases. This means that the risk 
of a medically caused accident in a multi-crew operation is in the 
order of 1:10 9 flight hours, a very remote risk indeed. This is the jus¬ 
tification for the limitation of "valid only as or with qualified 
co-pilot," used in many countries. 

For commercial flights with a single pilot, the 1% rule is not 
applicable. 
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In general aviation, the fatal accident rate is in the order of 1:40 000 
flight hours, 3 mostly due to human error, a rate that is 20-25 times 
higher than that of commercial aviation. If one assumes that not more 
than 1:25-50 of the fatal cases are caused by medical events 
(for Class I 1:100), then the limits for Class II can also be determined, 
so that the acceptable event rate of 1 % per year or 1:10 6 flight hours 
(1 to 25 x 4 x 10 000) is not exceeded. Unlimited Class II require¬ 
ments are therefore more or less identical with the requirements for 
limited Class I medical certification "valid only as or with qualified 
co-pilot = OML (Operational Multi-crew Limitation)." 

In selected cases, medical certification of pilots with a greater 
than 1 % risk may be possible for Class II with limitations, such as "valid 
only with safety pilot = OSL (Operational Safety Pilot Limitation)" or 
"valid only without passengers." Certification is individually assessed 
in such cases. 

Since 1976, the number of aeromedical review cases has risen 
sharply in Germany, reaching an average of 150/year (range: 
130-250/year) between 1991 and 2000. Eye diseases and cardiovascu¬ 
lar conditions (ischemic heart disease, approximately 40%; arrhythmia 
and conduction defects, about 30%) are the foremost causes. Cases 
involving CPL and PPL applicants are about 45% each, and those 
involving glider pilots are about 10%. In the last 20 years, the upper age 
of pilots who have applied for special consideration because of cardio¬ 
vascular diseases has been between 50 and 70 years. Approximately 
60% of these applicants have been successful in obtaining a special 
issuance through the review process. Of these, approximately one third 
are allowed to fly only with OML/OSL limitations. 

Age is the greatest risk factor for cardiovascular diseases. 4 
On the basis of autopsy results, 18% of the age group between 30 
and 50, and 43% of those over 50 years of age have aeromedically 
relevant coronary artery disease. For this reason, pilots over the age 
of 60 are not allowed to fly as pilot-in-command of aircraft engaged 
in international air transport operations with the exception of multi¬ 
crew operations where the other pilot is younger than 60. Although 
this is an international rule, its application differs somewhat from one 
country to another. 
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After the age of 65, pilots may no longer fly as ATP. The older the 
pilot, the more frequent and extensive the cardiovascular evaluation 
should be, especially if other risk factors are present. 

The aeromedical examiner's principal responsibility is to per¬ 
form the required examinations and evaluations to the best of his 
ability, but not so far as to go beyond the 1% marker, thereby sub¬ 
jecting the pilot to overly rigorous diagnostic screening. The second 
most important duty of all aviation medicine practitioners is pre¬ 
vention. Additionally, the medical examiner should be in a position 
to advise a pilot with a disqualifying medical condition, especially 
with regard to the circumstances under which a special issuance 
can be obtained. This handbook describes all the aeromedically 
relevant cardiovascular diseases and outlines situations where 
medical certification is possible despite disqualifying conditions or 
disorders. In this respect, the medical examiner is in partnership 
with the pilot. 
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Cardiovascular Risk Factors 
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HYPERLIPIDEMIA 

With the pharmaceutical intervention in lipid metabolism possible 
today, hyperlipidemia is presumably the most controllable risk factor 
after smoking. The prevalence of hyperlipidemia in the United States 
and Europe is an important risk factor for the development of athero¬ 
sclerotic vascular disease, whether in the heart, the brain, or in the 
peripheral vasculature of the human body. 

It is important to understand that not only is cholesterol brought 
into the body through diet, but that all body cells can synthesize it. 
High density lipoprotein (HDL) carries cholesterol to the liver, where it 
is metabolized into bile salts. 

Hyperlipidemia is defined as 

Total cholesterol over 200 mg/dL. 

Hypertriglyceridemia is defined as 

Triglyceride over 200 mg/dL. 

Although not all processes of lipid metabolism are fully under¬ 
stood, it is known that low density lipoprotein (LDL) cholesterol 
is responsible for the development and progression of atheroscle¬ 
rotic vascular disease. HDL cholesterol (otherwise known as "good 
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cholesterol") is a protective element of cholesterol, and as an antag¬ 
onist of LDL, it reduces the risk of development of CAD. 

It is noteworthy that an exaggerated response of the angiotensin 
11-AT I receptors occurs under the effects of hypercholesterolemia. 
This leads to a further increase in vasoconstriction, renewed cellular 
growth, and the release of free radicals. 1 

HYPERTRIGLYCERIDEMIA 

The predictive value of hypertriglyceridemia is not as clear as that of 
hypercholesterolemia. The literature is full of controversial view¬ 
points regarding possible cellular damage caused by triglycerides. 
Fortunately, measures to lower hypercholesterolemia, such as nutri¬ 
tional adjustments, increased physical activity, and cholesterol¬ 
lowering agents, also improve triglyceride levels, presumably further 
reducing the risk. 2,3 

From a preventative perspective, it is very important that every 
applicant for pilot certification has his or her total cholesterol, FHDL 
cholesterol, and triglycerides measured. These tests are inexpensive 
and require minimal effort. Elevated cholesterol is not a disqualifying 
feature perse, but it does require attention because of its significant 
therapeutic and prognostic implications. 

Therapy 

There are two important treatment options available. First and most 
importantly lifestyle modification, and secondly medical therapeutics. 

Lifestyle modification includes weight loss, increased physical 
activity, a low fat diet, and adequate control of other cardiovascular 
risk factors (see below). 

Weight loss 

Overweight is defined as weighing more than the so-called normal 
weight or being over the normal body mass index. The reference 
is: normal weight in kg (according to Broca): body height in cm 
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minus 100; or the Body Mass Index (BMI) or Quetelet index: body 
weight (kg) divided by height in m 2 . 

A woman of normal weight will have a BMI of 23, a man 24. 
A BMI of 27.3 and 27.8 respectively, should be categorized as seri¬ 
ous. Weight loss will reduce the cholesterol level and blood pressure, 
and will reduce the risk of coronary artery disease. 

Physical activity 

The AHA (American Heart Association) recommends three to 
four exercise periods per week, at a minimum of 30 minutes of inten¬ 
sive activities such as cycling, running, or cross country skiing. 

Morris et al. reported in the 1950's that coronary artery disease is 
less common among conductors and mail carriers than in inactive 
bus drivers 4 (so flight attendants should have less heart disease than 
pilots). Many studies have supported these findings. In a meta-analysis 
of 27 observational studies, it was shown that physical inactivity 
doubled the risk of heart attack. 5 Prospective long duration studies 
have also unequivocally shown that women as much as men can 
protect themselves from the risk of coronary artery disease by 
increasing their physical activity. 6 ^ 8 Additionally, physical activity is 
linked to a reduction in the risk of stroke, naturally derived from the 
positive effects from weight loss, reduced blood pressure, lowered 
cholesterol, and improvements in glucose tolerance. 9,10 

Diet 

Dietary measures encompass a reduction in the total number of calo¬ 
ries ingested in order to attain normal weight. Additionally, the per¬ 
centage of fat should not exceed 30% of the total caloric intake, and 
primarily polyunsaturated fatty acids should be used. Daily ingestion 
of cholesterol must remain below 300 mg (for comparison, an egg 
contains 280 mg). 60% of calories should come from complex 
carbohydrates. A moderate amount of alcohol is beneficial. 

Practically speaking, this means that protein in the form of ocean 
fish is desirable over meat. Animal fat, especially butter, should be 
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replaced by alternative plant oils, especially olive oil. Fruit, salads, 
vegetables, and whole wheat products should be the basis of a 
healthy diet. Noteworthy are the so-called "new age" foods with phyto- 
sterine additives. Phytosterines are similar to cholesterol, are in an 
esterified form, and inhibit cholesterol absorption in the gut by a 
competitive mechanism. Indeed it was possible to demonstrate that 
phytosterine additives led to a 10% reduction of LDL cholesterol. This 
is an effective non-pharmaceutical and inexpensive tool, although 
there are no data demonstrating long-term benefits based on hard 
data points. 11 

Medical therapeutics 

The greatest therapeutic breakthrough in cardiology in the last 
15 years has been the introduction of statins. 

The effectiveness of statins was demonstrated in large random¬ 
ized studies, finished in 1998. In the 4S Study (Scandinavian 
Simvastatin Survival Study), it was shown that a 34% reduction of risk 
in coronary artery patients could be achieved by reducing total 
cholesterol from 188 to 121 mg/dl_. 

The West of Scotland Coronary Prevention Study (WOSCOPS) 
demonstrated similar results with regard to primary prevention. 
Pravastatin was shown to reduce average LDL cholesterol levels from 
197 mg/dL to 142 mg/dL, which reduced serious coronary artery 
events by 31 %. 

With this in mind, the classic lipid-lowering agents such as 
colestyramine, niacin, and probucol as well as bezafibrate and beta- 
sitosterol have lost dominance in clinical practice. 

What lipid values should be targeted? 

We recommend that high-risk patients requiring primary prophy¬ 
laxis maintain their LDL below 130 mg/dL, and for secondary pro¬ 
phylaxis, a level below 70 mg/dL is preferred. The literature provides 
enough examples to show that the benefit of lowering cholesterol is 
not a linear effect. In WOSCOPS, a reduction in LDL of 24% was 
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optimal, i.e., maximum effect with minimum side effects, so "the 
lower the better" is not always true. 

SMOKING 

Smoking is the only absolutely modifiable risk factor for coronary 
artery disease. In the United States smoking is the primary cause of 
over 400 000 preventable deaths each year. It is unfortunate that even 
non-smokers who inhale smoke produced by others (passive smoking) 
similarly carry an elevated coronary risk. Long-term studies since 
1950 have shown that smoking 20 cigarettes per day increases the 
risk of coronary artery disease two to three times. 

The thrombotic potential of oral contraceptives is synergistic with 
smoking. Additionally, this does not only increase the risk of myocar¬ 
dial infarction but also the rate of sudden cardiac death, the develop¬ 
ment of aortic aneurysms and peripheral vascular disease, as well as the 
risk of cerebral vascular events. Etiologic causes include an increased 
oxidation of LDL-cholesterol and a decline in HDL-cholesterol. Smoking 
also suppresses endothelial vasodilatation, enhances detrimental 
hemostatic effects, raises CRP and fibrinogen, and induces sponta¬ 
neous platelet aggregation along with adhesion of monocytes to 
endothelial cells. 

Chronically, but also acutely, smoking facilitates coronary 
vasospasm as well as reduces the threshold for ventricular arrhythmias. 

Smoking cessation reduces the risk of the first heart attack by 
nearly 65%. 66 

While it is important to note that the cardiovascular risk declines 
distinctly after smoking cessation, the risk of lung, pancreas and 
stomach cancer continues for another 10 years; so does the risk of 
developing chronic obstructive pulmonary disease. The use of nico¬ 
tine patches or gum may facilitate abstinence. 

HYPERTENSION (SEE ALSO SECTION 3) 

In contrast to smoking, hypertension is not a visible risk factor, and it is 
often not recognized and therefore not treated. Pilots are particularly 



214 


N. Schauer 


reticent to accept blood pressure medications, as they have a general 
attitude against medical therapeutics (perceived as incompatible with 
their careers). 

High blood pressure correlates strongly to an elevated risk of 
stroke and heart infarction. A 7 mmHg elevation in blood pressure 
correlates to a 27% increased risk of heart attack and a 22% 
increased risk of a cerebral vascular event. As stated in the section on 
hypertension, any reduction of hypertension has a significant risk¬ 
lowering effect on coronary events. 

INSULIN RESISTANCE IN DIABETES MELLITUS 

Patients with diabetes have a three-to-five-fold increased risk of 
future cardiovascular events, women more so than men. 1213 

Insulin resistance alone without manifestations of diabetes is 
strongly associated with the development of microvasculature disease. 
This can occur well before diabetic manifestations appear. 14 

It is known that diabetics develop substantial changes in their 
endothelium and in the function of smooth muscle. 18,19 Additionally, 
there is an increased leukocyte response to the vascular endothe¬ 
lium, which has huge implications in the development of 
atherosclerotic vascular disease. Along these lines, diabetic 
nephropathy develops (microalbuminuria), which the aforemen¬ 
tioned process facilitates, and microalbuminuria in Type II diabetes 
is apparently a predictor of elevated mortality caused by cardio¬ 
vascular events. 20,21 

At this point in time we understand the correlations, but it is not 
yet known whether reducing blood glucose levels alone is adequate 
to reduce cardiovascular risk. Until now, most studies have demon¬ 
strated improved microvascular circulation, but there has not yet 
been any evidence of a significantly reduced cardiac risk. 22 

Therefore, physical activity, diet, weight loss, and the control of 
all other possible risk factors are still important, even prior to mani¬ 
festations of Type II diabetes. 
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PHYSICAL ACTIVITY AND OVERWEIGHT 

Numerous studies have shown a relationship between physical activ¬ 
ity and reduced vascular events and mortality. 23-30 

In terms of overall mortality, it can be shown that it is not only 
lifelong physical activity that reduces cardiovascular risk but also 
sport activities begun in the middle and later years. It is important 
to note that parallel to this there is a concomitant reduction of risk 
of cerebral vascular events, and this is independent of arterial 
hypertension. 31 ' 32 

Commercial pilots, who have demanding occupational duties, 
often combined with considerable mental stress, but who nonethe¬ 
less could serve as poster children for physical inactivity, would be 
well advised to comply with the American Heart Association recom¬ 
mendations: a balanced diet of 2000 calories per day and physical 
activity three and a half to four hours per week, preferably as a daily 
exercise period of 30 minutes. 

The correlation between physical activity and reduction in cardio¬ 
vascular risk is not entirely understood. It is assumed that 
the causes are multifactorial, as there is a reduced risk associated 
with hypertension management, weight control, and normalization 
of lipid profile and glucose levels. 33-36 Furthermore, physical activity 
improves the function of the endothelium, increases fibrinolysis 
and reduces platelet aggregation, leading to a reduction of in-situ 
thrombi. 37-39 

Dietetic measures should always be undertaken along with physical 
activity, and vice versa, as the benefits of each potentiates the other. 
In the Nurses' Health Study, a direct linear relationship existed 
between Body Mass Index and the risk of coronary artery disease 
(upper end of normal being 25). 40 

Noteworthy is also the fact that the adipose distribution is a 
separate risk factor, and short-term studies have found that the waist- 
to-hip ratio is an independent marker for vascular risk for both elderly 
men and women. 41 ' 42 
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Whether being overweight is an independent risk factor for car¬ 
diovascular disease or is a mediator of the development of glucose 
intolerance, insulin resistance, hypertension, impediment to physical 
activity, or the development of hyperlipidemia, continues to be 
controversial. 

STRESS AS A CARDIOVASCULAR RISK FACTOR 

It is easy to imagine that emotional stress can elevate myocardial 
demand (rise in blood pressure and heart rate) and precipitate local 
myocardial ischemia. It is also well known that patients with a 
predilection for coronary vasospasms can initiate this in stressful 
situations, and more easily so with atherosclerotic disease. 
Additionally, the catecholamine response can lead to a hyper-coagulable 
state. 

The consequences of these mechanisms (sudden cardiac death in 
the setting of assault with a weapon or natural disasters) are currently 
being epidemiologically evaluated. 43 It is not yet known whether 
mental stress leads to atherosclerosis, but it seems possible. 44 

Enough evidence exists to support the inclusion of emotional 
stress to the list of coronary risk factors. Stress management counsel¬ 
ing should be a cornerstone in the treatment of flight crew members. 

FIBRINOGEN 

Plasma fibrinogen influences platelet aggregation as well as blood vis¬ 
cosity. In combination with thrombin, it facilitates the last step toward 
thrombus formation. A direct correlation exists between elevated 
fibrinogen and overweight, age, smoking, diabetes, and high LDL 
cholesterol. An inverse correlation exists between high HDL cholesterol, 
ingestion of alcohol, and physical activity. 45,46 

Not surprisingly, the Framingham Study showed a positive 
correlation between elevated fibrinogen and the risk of future infarc¬ 
tion. Because of individual differences in plasma fibrinogen levels, 
interpretation difficulties, and problems with measurement tech¬ 
niques, fibrinogen levels are not routinely utilized as an estimation 
of risk. 
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LIPOPROTEIN (a) 

Lp(a) possibly inhibits endogenous fibrinolysis. It is found together with 
fibrin in atherosclerotic lesions. 47,48 Apo(a), a component of Lp(a), has 
chemotactic activity toward monocytes in the endothelium. 49 

Multiple retrospective studies have provided evidence for an 
association between Lp(a) and elevated cardiovascular risk. Newer 
prospective studies concerning this controversial result have not yet 
shown whether the determination of Lp(a), which is attached to an 
LDL particle, is generally of predictive value. 

In all at-risk patients with an elevated Lp(a), the LDL cholesterol 
value should be added to that of Lp(a), and through dietary measures 
or medication (statins), this combined value should be reduced. 
To date it has not been determined whether niacin (vitamin B 3 ), 
which reduces Lp(a), has any clinical benefit. 

HOMOCYSTINE 

Homocystine levels above15 mmol/L are considered mild to moder¬ 
ate elevations. In population and retrospective studies, correlations 
between mild to moderate elevations of homocystine levels and 
atherosclerosis have been found. 

It would be reasonable to obtain homocystine levels among cer¬ 
tain groups of patients with marked premature atherosclerosis who 
do not have any other risk factor. Ingestion of 400 pg of folic acid 
reduces the level of homocystine by about 25% (the concurrent 
ingestion of vitamin B leads to a further 7% reduction). Distribution 
of vitamin B is much more economical than screening the entire 
population. Currently there is no randomized prospective study 
underway to determine whether a decrease in homocystine levels is 
correlated with a reduction in coronary artery disease risk. General 
screening of the population is not recommended, nor should screen¬ 
ing be part of the routine medical evaluation of pilots. 

FIBRINOLYTIC ACTIVITY 

Disturbance of fibrinolysis can result from the imbalance of throm¬ 
bolytic enzymes: tissue activated plasminogen (tPA), plasminogen 
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activators of the urokinase type (u-PA), and the endogenous inhibi¬ 
tion principally of plasminogen activator Inhibitor-1 (PAI-1). 
Numerous studies have also shown a relationship between this 
imbalance and an elevated coronary artery risk. Despite relatively 
good analysis, the clinical relevance of this risk marker is question¬ 
able, especially since both the collection, handling, and measure¬ 
ment are extremely difficult, if not impossible, because of very large 
variations with circadian rhythm, platelet degranulations after the 
blood draw, etc.) 

INFLAMMATION AS A PREDICTOR 
OF VASCULAR EVENTS 

It is known that inflammation, as indicated by high sensitivity C-reactive 
protein (hs-CRP), intercellular adhesion molecule (ICAM-1) or inter¬ 
leucine 1 (IL-1), accompanies all aspects of atherosclerosis. 50,51 It can 
also be demonstrated that numerous markers serve as minor systemic 
indicators of cardiovascular risk. 52 Included are the aforementioned 
hs-CRP and ICAM-1 together with IL-6 and Tumor Necrosis Factor, 
which may reflect possible inflammation processes within the region 
of the arterial wall. 

Despite numerous studies, the exact pathophysiological mecha¬ 
nisms have not been elucidated and the question of the chicken and 
the egg (atherosclerosis due to inflammation or inflammation due to 
atherosclerosis) has not been resolved. 

Regarding markers of inflammation, hs-CRP is the most clinically 
relevant, as it is easily and inexpensively measured in the serum. 
Many studies have shown that hs-CRP is a predictor of coronary 
artery disease among healthy men and women, as well as in older 
patients, in smokers, and in patients with stable or unstable angina 
pectoris. 52-60 Interestingly, hs-CRP represents a moderately elevated 
cardiovascular risk. It has also been shown that the administration of 
low dose ASA will lower an increased risk in those with a low grade 
inflammation level. 61 It is also possible that a reduction in lipids by 
use of statins helps reduce inflammation. 
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It is evident that lipid levels should be reduced and tissue inflam¬ 
mation suppressed as this may stabilize plaques and thus entail a 
reduced risk of coronary events. Above all, it is interesting that 
weight loss and physical activity both can reduce coronary artery risk 
and CRP levels. 62 ' 65 

As mentioned before, it is not yet clear whether infections per se 
play an etiological role in atherosclerotic development. Studies regard¬ 
ing use of antibiotics and anti-inflammatory agents are currently 
underway. 


DIRECT PLAQUE DEVELOPMENT 

In addition to the coronary risk factors discussed above are certain 
parameters related to inflammation. Direct plaque formation and cal¬ 
cification can be measured with CT angiography, which allows a 
coronary artery calcium score (CACS) to be obtained. Currently, there 
are a series of studies evaluating the relationship between high-risk 
patients and high CACS. 67,68 The discussion concerning predictive 
value in the clinical setting continues to be controversial. It is not yet 
known whether those soft plaques, which are not calcified and there¬ 
fore unstable and highly rupture-prone, might be missed on coronary 
artery CT evaluations. 

New studies show that hs-CRP elevations double the risk of 
plaque rupture at all levels of CACS. 69 A further prospective study of 
asymptomatic individuals with at least one coronary risk factor has 
shown that a high CACS is predictive of myocardial infarction and 
death from coronary heart disease. A high CACS can modify pre¬ 
dicted risk obtained from usual risk factors alone, especially among 
patients in the intermediate-risk category in whom clinical decision 
making is most uncertain. 

It is possible that the best approach to stratification of coronary 
risk may be obtained by the often used and readily available method 
of measuring the thickness of the intima media of the carotid arteries 
by use of ultrasound. 
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Chapter 10 


Arterial Hypertension 


Norbert Schauer* 


ESSENTIAL ARTERIAL HYPERTENSION 

Twenty-five percent of the adult population have arterial hyperten¬ 
sion, which is defined as a blood pressure measuring >140 mmHg 
systolic and >90 mmHg diastolic. Hypertension leads to an elevated 
incidence of non-fatal and fatal coronary events, stroke, renal 
parenchymal diseases, and elevated mortality from other causes. 

Pilots and flight crews are not exempt from this. In more than 90% 
of cases, the hypertension is essential, only 2-5% have an identifiable 
cause. Professional flight crews are generally quite young at their first 
physical examination, allowing identifiable causes to be found and 
treated (see below). 

What is elevated blood pressure? 


Table 1. Definition of Blood Pressure Stages in Applicants not Taking Antihypertensive 
Medication 1 ' 2 


Stage 

Systolic (mmHg) 

Diastolic (mmHg) 

Normal 

< 120 

< 80 

Prehypertension 

120-139 

80-89 

Hypertension 
- Stage 1 Hypertension 

140-159 

90-99 

- Stage 2 Hypertension 

> 160 

> 100 


* Maria TheresiastraBe 22/1, A-6020 Innsbruck, Austria. 
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"White Coat Syndrome" 

This is a situationally induced elevation of blood pressure to 20% 
above normal — which should result in a series of self measurements 
and, if necessary, should initiate Life Style Modification. 

Pseudo-Hypertension 

This is a mis-measurement due to an extremely rigid brachial artery (in 
the event that the blood pressure cuff cannot compress the artery). 
Suspect Pseudo-hypertension if the cuff is inflated well above the arte¬ 
rial pressure, yet the radial pulse is palpable (Osier's sign). Objective 
measurements can only be obtained by invasive techniques. 

Clinical Evaluation of Blood Pressure 

History: age, family history; duration of high blood pressure condi¬ 
tion, weight, and other cardiovascular risk factors (such as diabetes, 
nicotine, hyperlipidemia, sedentary lifestyle) should be elicited. 

SECONDARY HYPERTENSION 

This is hypertension secondary to renal artery stenosis, renal 
parenchymal disease, primary hyperaldosteronism, pheochromo- 
cytosis, aortic isthmus stenosis, hyperthyroidism, alcohol abuse, or of 
pharmacologic origin. 

THE EVALUATION OF SUSPECTED 
ARTERIAL HYPERTENSION 

Clinical examination with blood pressure measurements of the upper 
and lower extremities. Fundoscopy, examination of peripheral 
vessels, neurological and thyroid examination. 

Laboratory examination: red and white blood cell count, electrolytes, 
particularly potassium if there has been no prior diuretic therapy, 
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Smoking - - - + 

LV-Hypertrophy .... 


Figure 1. Importance of arterial hypertension in the evaluation of cardiovascular 
risks: For a given blood pressure level (right), the risk of a cardiovascular event 
increases with the other factors mentioned — observation of cardiovascular events in 
1000 patients over 8 years (after Ref. 22). 


fasting blood glucose and lipid panel. Possibly homocystine and 
Lp(a). Calcium as a marker of hyperparathyroidism. Uric acid before 
diuretic therapy, urinalysis including microlbuminuria. ECG and 
echocardiogram to identify target organ damage. 

The most important target organs are the cerebral vascular system 
(carotid duplex sonography), the cardiovascular system (echocardio¬ 
graphy), the retina (fundoscopy), the kidneys, and the peripheral 
vascular system. 

TREATMENT OF HYPERTENSION 
Prehypertension 

"Life Style Modification": Weight loss if overweight, reduction or 
cessation of alcohol use, regular aerobic exercise, reduction of table 
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salt, adequate intake of potassium, sodium and magnesium, autogenic 
training — time management, etc. In addition, reduction of other risk 
factors (smoking, fat ingestion). Medications should be prescribed if indi¬ 
cated by additional risk factors, such as cardiac insufficiency, high coro¬ 
nary risk factors, diabetes, chronic kidney disease, recurrent stroke. 

Stage 1 Hypertension 

When blood pressure is over 140/90 mmHg: Continuation of "Life Style 
Modification". Initiation of adequate monotherapy medication (particu¬ 
larly in pilots, ACE inhibitors, AT-II blockers or beta blockers). If blood 
pressure is significantly higher than 140/90, a combination of different 
preparations, often together with small amount of diuretic. 

Stage 2 Hypertension 

When blood pressure is equal to or above 160/100 mmHg: 2-3 medi¬ 
cations in combination. Trials of BID-TID therapeutic dosing. If 
pseudo-hypertension or situational hypertension can be ruled out, 
increase dosage, excluding the use of similar class medications. 
Intensive evaluation in the direction of secondary hypertension 
(exogenous pro-hormone (Superdrol®-methasteron), volume overload, 
NSAIDs, cortisone therapy, mineralocorticoid use, contraception, 
caffeine, nicotine). 

TAB 1 HYPERTENSION 
Myocardium as Target Organ 

Left ventricular hypertrophy (LVH) is an independent, strong predic¬ 
tor of morbidity and mortality (sudden cardiac death, heart attack, 
stroke). Much of this knowledge comes from the Framingham Heart 
Study. Numerous antihypertensive pharmaceuticals (but not 
vasodilators) 3,4 have been demonstrated to bring about a regression 
of LVH. 
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In aviation medicine, antihypertensive therapy relies in parti¬ 
cular on several studies that recommend ACE inhibitors (initially, 
and if necessary, with addition of a low dose diuretic) because of 
their excellent regressive effect on the left chamber. Clonidin, 
ditiazem or prazocin are less effective and therefore less used. 
These central acting antihypertensives are not compatible with 
aeromedical certification. 

One should not forget that there are studies which show that life 
style modification, such as weight loss, limitation of table salt and 
aerobic exercise can also lead to a reduction in LVH. 

When pronounced LVH is diagnosed in a pilot, efficacy of treat¬ 
ment by documenting LVH regression is necessary. This requires 
time, both for the therapy to be effective and for repeated sono¬ 
graphic examinations to be conducted over a length of time. 


Additional comments regarding antihypertensive therapy 

In principle, it is generally a good idea to use diuretics and beta 
blockers as first line therapy. According to Table 1, one must consider 
potential or actual accompanying diseases when making a choice of 
therapeutic modalities. Because of the particularities of aviation 
duties, the aviation medicine practitioner is best advised to choose 
ACE inhibitors as first line therapy in pilots, while reserving mild 
diuretics and beta blockade as second choice, due to polyuria and 
dehydration. 


Situational hypertension (White Coat Hypertension) 

In order to determine whether a situational arterial hypertension 
needs to be treated or not, echocardiogram (LVH) and duplex sono¬ 
graphy of the extracranial circulation (intima media thickness) can be 
utilized. If the target organs are pathologically changed, then there is 
indication for treatment. 
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Life style modification (when blood pressure is between 140-158 
systolic and 90-99 diastolic) should be undertaken for six months; 
thereafter medication should be initiated if necessary. 

Target blood pressure for pilots 

On the basis of graphs, many observations and epidemiologic 
studies, "the lower the better" could be the focus of blood pressure 
optimization. However, studies have shown that for blood pressure 
values >139 / 79 and <119/ 64, the risk of cardiovascular and non- 
cardiovascular mortality rises, not linearly, but the risk of cardiovascu¬ 
lar events rises as a J-curve. 5,6 In the large Hypertension Optimal 
Treatment (HOT) study 7 with over 18000 patients in three groups (goal 
BP < 90, < 85, < 80), it was shown that the lowest risk of cardiovascu¬ 
lar events occurred at a diastolic pressure of 82.6 mmHg and the low¬ 
est risk of cardiovascular mortality was at 86.5 mmHg. From this can 
be deduced that a blood pressure goal of 139/85 mmHg (which in our 
situation has the advantage of having few side effects on the basis of 
lower dosage of antihypertensive medication) is entirely adequate. 



Figure 2. The relationship between risk of cardiovascular event and degree of 
hypertension according to two large studies. 
a International Progressive Primary Prevention Study in Hypertension. 
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MEDICAL THERAPY OF ARTERIAL HYPERTENSION 
ACE Inhibitors 

The ACE inhibitors block the angiotensin converting enzyme (ACE) 
and thereby the transformation of angiotensin I to angiotensin II, 
resulting in blood pressure reduction. We recommend them on the 
basis of good tolerance in flight crews. Endless studies have shown 
the effectiveness in flight crews with minimal psychiatric, neurologi¬ 
cal, ophthalmological and vestibular side effects. 8,9 ACE inhibitors 
induce a cough in about 2-4% of cases. As indicated in Table 1, 
ACE inhibitors can reduce the progression of renal insufficiency, 
particularly in patients with diabetic tendencies. 

Angiotensin II Receptor Antagonists 

The angiotensin II receptor antagonists are the successors to the ACE 
inhibitors. The blood pressure reducing effect of this substance is due to 
the blockage of the AT-I receptors. 10 Angiotensin II leads to vasocon¬ 
striction, to an increase in sodium resorption in the kidneys, as well as 
secretion of aldosterone. 

Theoretically, the angiotensin receptor blockers are superior to 
the ACE inhibitors, 11 as they block the vasoconstrictive AT-I receptors, 
and simultaneously stimulate the vasodilatation effects of AT-II recep¬ 
tors. Altogether, the ACE inhibitors and the AT-II blockers are 
presumably equally effective 12 ; the main advantage lies with the lack 
of cough as a side effect, which occurs relatively frequently with the 
ACE inhibitors. 

Beta Blockers 

Like ACE inhibitors, beta blockers can also be used as first choice 
medications. They are particularly suitable for patients with a hyper¬ 
dynamic circulatory profile, which is occasionally observed in flight 
crews. Sometimes prescribing very low doses will adequately lower 
blood pressure, while avoiding side effects. 13 Beta blockers are contra¬ 
indicated in sinus bradycardia, high grade AV blockade, as well as in 
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chronic obstructive pulmonary disease, bronchial asthma, and severe 
arterial occlusive disease. Beta blockers can have an additional advan¬ 
tage in individuals with migraine. 

Calcium Channel Blockers 

There are three therapeutic groups: 

1. Dihydropyridine: such as amblodipin, nimodipin 

2. Benzothiazepine: diltiazem 

3. Phenylalkylamine: verapamil 

The blood pressure lowering effect of calcium channel blockers 
occurs through the inhibition of calcium influx into the smooth muscle 
cell with consequential vasodilatation. In recent years, calcium chan¬ 
nel blockers have been used particularly in heart insufficiency and 
CAD. 14 It has been found that low doses of the long acting dihydro¬ 
pyridine in hypertension is particularly effective in older patients 15-17 
and have reduced the number of coronary events. 

Diuretics 

Diuretics inhibit the NaCI resorption in the renal tubules, with the 
further effect of reduced plasma volume, cardiac output and renal 
blood flow. This alone is not responsible for the blood pressure 
lowering effect. Within 6-8 weeks, the extracellular fluid volume and 
cardiac output normalizes. 18,19 Nonetheless, peripheral vascular 
resistance remains lower. It is possible that this lowered peripheral 
vascular resistance is due to an effect on the potassium channel 
activity. 20 

Diuretics are divided into four large groups: first are those that 
have an effect on the proximal tubule — carbonic anhydrase 
inhibitors; second are the loop diuretics; third the thiazide diuretics; 
and fourth are the potassium sparing diuretics. Usually the thiazide 
diuretics are the first choice, occasionally in combination with a 
potassium sparing diuretic. Diuretics should be administered in the 



Table 2. Indications and Effects of Oral Antihypertensive Pharmacotherapy Metabolic and Physiological Effects 






Secondary 



Insulin 

Regression 

Cardio- 

Class 

Indication 

Choi. Trigl. HDL K Mg UA* Resistance 

of LVH** 

Protection 


ACE inhibitors 

Diabetes mellitus 


Angiotensin II 

with nephropathy, 
post infarction, 

CHF*** 

Same as above 


antagonists 

/3-blockers 

Post infarction, 


without ISA 1 

migraine, 


/3-blockers 

tachycardia 

Same as above 


with ISA 

Calcium 

Older patients, 

Possible with 

channel 

CAD 11 , renal 

diltiazam 

blockers 

insufficiency 

and 

Diuretics 

Same as above 

verapamil 
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Table 3. (Continued) 




Class 

Indication 

Choi. Trigl. HDL K Mg UA* 

Insulin 

Resistance 

Regression 
of LVH** 

Secondary 

Cardio- 

Protection 

Centrally 

acting 

a-blockers 

Peripherally 

acting 

a-blockers 

Vasodilators 

Sedative effect, if 
desired 

Diabetes mellitus, 
hyperlipidemia, 
benign prostatic 
hypertrophy 
Peripheral arterial 
disease, vasculitis 






*: UA = uric acid 

**: LVH = left ventricular hypertrophy 

***: CHF = congestive heart failure 

ISA= intrinsic sympathomimetic activity 
CAD = coronary artery disease 
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smallest possible dose, especially in flight crews. Patients with glucose 
intolerance, diabetes mellitus or a history of gout should not receive 
diuretics. Lipid profiles and glucose tolerance can be unfavorably 
influenced. 

Alpha Blockers 

The centrally acting alpha blockers (e.g. doxazosin) have a strong 
sedating side effect and should therefore be avoided in pilots. 
Peripherally acting alpha blockers block the effects of peripheral 
post-synaptic alpha adrenergic receptors, and are less likely to lead 
to a reflex tachycardia than the direct vasodilators. Cardiac volume 
and plasma volume are not changed, so that they can be used 
in combination with other medications. They are particularly 
recommended with coexisting metabolic disorders as they have a 
tendency to improve insulin sensitivity. 21 Should the alpha blockers 
be used in flight crews, dosage should be increased slowly to avoid 
syncope. 

Direct Vasodilators 

Direct vasodilators (such as minoxidil) should not be used due to their 
side effects (reflex tachycardia, induction of autoimmune disorders). 
Additionally, they lead to direct vasodilatation and do not reduce LV 
hypertrophy. 
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MYOCARDITIS (INFLAMMATORY CARDIOMYOPATHY) 

One of the most difficult diagnoses to make in the living person is 
myocarditis. Often it remains clinically silent, is self-limiting within 
the circulatory system, or is diagnosed very late following a long pro¬ 
gression. Myocarditis has no characteristic pathognomonic labora¬ 
tory findings. Myocardial biopsy can be very helpful in establishing 
the diagnosis. 

We know that cardiotropic viruses exist; the most common one 
affecting the heart is Coxsackie B virus. It is not necessarily the virus 
itself, but rather the immune response to the virus within the heart 
muscle that causes the typical myocarditis disorders. 1-5 

• Invasion of the pathogen 

• Production of heart muscle damaging agent 

• Immune-mediated myocardial damage 

Histologically, florid myocarditis is demonstrated by infiltration 
of the myocardium by T-lymphocytes and macrophages. The extent of 
myocarditis is directly dependent on the intensity of immunologic 
response of the organism. Biopsy monitoring of myocarditis has 
shown that myocardial function almost always improves after the 
immunological processes abates. 

• Maria TheresiastraBe 22/1, A-6020 Innsbruck, Austria. 
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Because the therapeutical possibilities are almost non-existent, 
many centers forgo performing myocardial biopsies. 

Myocarditis has a variety of clinical presentations: one of the 
main symptoms is tachycardia associated with performance limita¬ 
tions, often following a flu-like illness. Subsequently conduction 
defects may develop, sometimes all the way to third degree AV block. 
Even atrial fibrillation may occur. 

Chest pain with or without dyspnea is not uncommon, ranging 
from organ sensation to angina pectoris suspicious of infarction, 
depending on the degree of impairment of left ventricular function. 

Arrhythmia caused by AV conduction disturbances may lead to 
pronounced palpitations or syncope. Sudden cardiac death can be 
the first symptom. 

The clinical examination may demonstrate tachycardia, arrhyth¬ 
mia, fever and changes in cardiac heart sounds. Corresponding to a 
reduction in LV function, typical signs of left heart insufficiency may 
appear. 

In addition to sinus tachycardia, the ECC shows a negative 
deflection in theT waves in multiple leads. Also the development of 
Q waves is possible, which can simulate infarction when correspon¬ 
ding symptoms are present. "Long QT syndrome" and low voltage 
can likewise be an expression of myocarditis. 

Laboratory results show an elevated sedimentation rate 60% of 
the time. There is leucocytosis in only 25% of cases. An elevation in 
CK-MB and CK is evident in only 12% of patients. Viral IgG titers can 
be elevated to four times normal. Chest X-ray can demonstrate an 
enlarged cardiac silhouette, corresponding to the above mentioned 
symptoms as an indication of left heart insufficiency. In early florid 
myocarditis, the left ventricle is normal or only minimally enlarged, 
but nonetheless abnormal wall motion and mural thrombosis may 
occur (even with still relatively good LV function). Hypertrophy of the 
heart muscle may develop from inflammatory edema in the acute 
stage. 

Heart catheterization, while not a standard procedure for the 
evaluation of myocarditis, can measure elevated end-diastolic pressure. 
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If biopsied, which by some cardiologists is considered without thera¬ 
peutic benefit, at least six specimens must be taken from the right 
ventricle. 

According to the Dallas criteria, active myocarditis exists if 
inflammatory infiltrates with necrosis or degenerative changes of the 
affected myocytes are visualized, as they are not typical of ischemic 
changes from coronary artery disease. A "borderline myocarditis" 
exists when only minimal inflammatory infiltration without myocar¬ 
dial damage is evident. In the future, gallium scans or MRI will be 
able to support the diagnosis of myocarditis. 

If myocarditis is diagnosed based on the above mentioned indica¬ 
tors, therapy is directed toward treatment of heart insufficiency (sodium 
restriction, diuretics, digitalis, ACE inhibitors and angiotensin II 
inhibitors), balanced with limitation of physical activity. If the disease 
progresses, aggressive treatment with catecholamines and mechani¬ 
cal assistance, such as the intra-aortic balloon pump and assistive 
devices, as a "bridge to transplant" are indicated. This is only when 
there is no other alternative, as the heightened immune response of 
myocarditis patients increases the risk of transplant rejection. Not to 
be forgotten is anticoagulation, as even with minimally reduced LV 
function, there is a risk of mural thrombosis with consequential arte¬ 
rial embolism. 

Rhythm disturbances are treated in the usual fashion, and if nec¬ 
essary, with the assistance of a pacemaker. The benefit of immune 
suppressive therapy is still unclear and remains generally within the 
realm of specialty centers performing controlled studies. If hospital¬ 
ization if necessary, symptomatic treatment (/3-blockers, ACE 
inhibitor, diuretics, antiarrhythmics, etc.), and complete bed rest with 
oxygen supplementation are indicated. 

In severe refractory cases, heart transplantation should be con¬ 
sidered. Non-steroidal anti-inflammatory medications (NSAIDs) are 
contraindicated in the acute phase. 6 ' 8 Immune suppressive drugs are 
not recommended. 

Naturally there are also other causes besides viral. Worth men¬ 
tioning are the connective tissue diseases, vasculitis, radiation 
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myocarditis, chemical and toxic myocarditis, and post streptococcal 
myocarditis caused by release of endotoxins. 

The pericardium commonly participates in myocarditis with the 
corresponding symptoms of pericarditis (see above). 

Prognostically significant is that the myocarditis usually resolves 
and heals. In a small portion of cases, reduced ventricular function, 
progression to dilated cardiomyopathy, arrhythmia or sudden cardiac 
death results. 9,10 

The diagnosis of myocarditis leads to disqualification for all 
classes of medical certification for at least six months. For recertifi¬ 
cation, a complete recovery must be demonstrated. This involves 
stress testing with normal cardiopulmonary performance, an 
echocardiogram in which the EF must be at least 50%, no significant 
regional wall motion disturbances, a 24 hour ECG with no significant 
arrhythmias, and semi-annual cardiology evaluations. 

Certification for Class I should be limited to one year and multi¬ 
crew operations only. Also for Class II restrictions should be applied. 

FHeart transplant is permanently disqualifying for all classes of 
medical certification. 

PERICARDIAL DISEASES 

The pericardium surrounds and stabilizes the heart and the great ves¬ 
sels. The visceral and parietal pericardium limits the sudden dilata¬ 
tion of the heart and thus assists in atrial filling. 

Acute Pericarditis 

Acute pericarditis is characterized by chest pain, pericardial friction 
rubbing, characteristic ECG changes (ST elevation, low voltage, atrial 
extrasystole, and atrial fibrillation), pericardial effusion, tamponade, 
and pulsus paradoxus. An elevated creatine kinase muscle and brain 
isoenzyme (CK-MB) indicates an associated epimyocarditis. 

Echocardiography most often shows a pericardial effusion. 
During inspiration, a tamponade produces an increase in the right 
ventricular diameter and a decrease in the left ventricular diameter. 10 
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The right ventricular wall collapses. The effusion consists primarily of 
an exudate, which is hemorrhagic if from tuberculosis or from a 
tumor (rarely so with rheumatic fever). Depending on the severity, 
the volume of the effusion may be between 200 and 2000 ml_. 

Bed rest and continuous observation for indications of pericar¬ 
diocentesis is necessary. 11,12 Care must be taken with anticoagula¬ 
tion, as the danger of a hemorrhagic pericardial effusion exists. 

Viral or Idiopathic Acute Pericarditis 

If no evidence of viral illness can be identified, such as viral anti¬ 
bodies, which can certainly be difficult to determine, one speaks of 
an acute cryptogenetic or idiopathic pericarditis. Hospitalization is 
generally for one to four weeks. A quarter of the patients can experi¬ 
ence up to four recurrences. Granulocytosis followed by lymphocy¬ 
tosis is common. 

Viral or idiopathic pericarditis usually disappears within one 
month. Rare causes for pericarditis are syphilis, fungal infections, 
and parasites (amebiasis, toxoplasmosis, echinococcus, trichinosis), 
as well as a malignancy. 13 

Chronic Pericarditis 

All examinations that could identify tuberculosis must be under¬ 
taken, as tuberculosis is treatable and serious consequences can be 
expected. Chest X-ray, examination of all organ systems, TB skin test, 
cultures and smears of gastric secretions, pleural and pericardial flu¬ 
ids, eventually even thoracotomy for pericardial effusion analysis, 
and in the case of caseous necrosis, anti-tuberculosis treatment are 
indicated. 

Further etiologies for chronic pericardial effusion include 
myxedema, lupus erythematosus, rheumatoid arthritis, neoplasm, 
mycosis, radiation therapy, pyogenic infections, severe chronic anemia, 
and rarely chylopericarditis. Hemorrhagic effusions are usually caused 
by neoplasm, tuberculosis, uremia, or a rupture of an aortic aneurysm 
into the pericardium. 
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Treatment 

Prior to the initiation of treatment, one should always determine 
whether procainamide, hydralazine, isoniazid, and minoxidil is 
being taken, as these can be causes of pericarditis. 

There is no specific treatment for pericarditis. Bed rest is recom¬ 
mended, and ASA 500 mg every three to four hours or indomethacin 
50-100 mg every six hours should be administered. In the event of 
severe pain or pain lasting more than 72 hours, steroids can be added 
(80 mg/day), which should also suppress the clinical manifestations. 
Prior to the administration of steroids, tuberculosis or purulent peri¬ 
carditis must be ruled out. Tuberculosis skin testing should not be 
neglected. 

Post-traumatic heart syndrome occurs after trauma, surgery (post- 
cardiotomy syndrome), and following infarct (Dressier syndrome), 
and is characterized by leukocytosis, an elevated sedimentation rate, 
and pericarditis-associated ECC changes. Therapy consists of 
NSAIDs, and possibly glucocorticoids in tapering dosages. 

Chronic constrictive pericarditis 

Following inflammation, the pericardial space can be obliterated by 
granulomatous tissue. This hinders ventricular filling when the elas¬ 
ticity of the pericardium is reached (during active effusion, ventricu¬ 
lar filling is hindered during the entire diastole). Clinical presentation 
is dependent on the consequences of right heart insufficiency caused 
by the massive congestive influx from exudative enteropathy due to 
the impaired lymph drainage of the small bowel — pulmonary 
edema rarely occurs. Note: there is a danger of confusion with cir¬ 
rhosis of the liver — look for jugular venous distention! Tricuspid 
stenosis can also simulate chronic constrictive pericarditis. 

Therapy 

Sodium restriction and administration of diuretics are required, but in 
the end, pericardial resection is the only definitive therapy, as long as 
the pericardial changes have not affected the myocardium. 
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Pericardial cysts are harmless and usually occur in the right cardio- 
phrenic angle. 

Pilots with acute aseptic pericarditis should be temporarily disqual¬ 
ified. After three months and full recovery, limited recertification is 
acceptable for Class I with multi-crew limitation, and for Class II with a 
safety pilot or "no passenger" restriction, as long as stress testing and 
normal cardiopulmonary function can be documented. An echocardio¬ 
gram with an EF of at least 50% and with no significant regional wall 
motion disturbances is necessary, as well as a 24-hour ECG without sig¬ 
nificant rhythm disturbances. Semi-annual evaluations by a cardiologist 
with the previously mentioned tests should probably be continued for 
at least two years. An angiogram should only be performed if there is 
question regarding the results of the non-invasive tests. 

CARDIOMYOPATHY 

The cardiomyopathies are diseases of the heart muscle itself. In order 
to arrive at this diagnosis, other primary causes of heart muscle dis¬ 
eases must be ruled out. The term cardiomyopathy is best avoided 
when referring to ventricle dilatation due to coronary artery disease. 

For aeromedical purposes, division into the functional classes 
(dilated, restrictive, hypertrophic) is helpful. Two uncommon forms 
are worthy of mention: arrythmogenic right ventricular dysplasia and 
the non-classifiable forms. (International Society and Federation of 
Cardiology (ISFC).) 

The specific cardiomyopathies are: ischemic, valvular, hyperten¬ 
sive, and the inflammatory cardiomyopathies (see below). 

Myocardial biopsy is reasonable in the context of evaluation for 
heart transplantation and in the event of anthracycline toxicity, but is 
not of any value regarding aeromedical certification. 

Dilatative Cardiomyopathy 
Idiopathic dilatative cardiomyopathy 

Dilatative cardiomyopathy is defined as an enlargement of the left 
ventricle or both ventricles, combined with a decreased FV pump 
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function. 14 In 20-30% of cases, a familial cluster of cardiomyopathy 
is evident. 15,16 The rest consists of sporadic idiopathic or secondary 
dilatative cardiomyopathy. Macroscopic evidence, as suggested by 
the definition, consists of enlarged cardiac cavities and frequent 
mural thrombi, whereby the heart valves and coronary arteries 
remain unchanged. Microscopic findings include perivascular and 
interstitial fibrosis, cellular infiltrates and necrosis of individual 
myocardial cells. The symptoms of dilatative cardiomyopathy are the 
same, whether familial, sporadic, or secondary in origin 17 so that the 
diagnosis is usually one of exclusion. 

The symptoms of dilatative cardiomyopathy range from a limited 
left heart insufficiency to pronounced biventricular insufficiency; the 
latter carries a five year survival rate of only 40%. This is the most 
common indication for heart transplantation. Non-lethal and lethal 
rhythm disturbances can complicate the course of dilatative car¬ 
diomyopathy and, not infrequently, an automatic internal defibrilla¬ 
tor is implanted as a "bridge to transplant." 

Alcoholic cardiomyopathy 

This is the most common form of secondary dilatative cardiomyopa¬ 
thy in the western world. After alcohol cessation, the disease can 
stagnate or even improve. Otherwise it carries a poor prognosis — 
less than one fourth survive three years. 

Tachyarrhythmias, particularly atrial fibrillation but also ventricu¬ 
lar tachyarrhythmias and the development of LVH in association with 
arterial hypertension, may be consequences of chronic alcohol 
abuse. Diastolic compliance disorders progressing to pulmonary 
edema can occur. 

Arrythmogenic right ventricular dysplasia 

This condition occurs in familial clusters in genetically predisposed 
individuals. Triggered by myocarditis, it most commonly affects the 
right ventricle (fatty and fibrotic degeneration of the myocardium). 
Occasionally the left ventricle is involved, producing a clinical pic- 
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ture of dilatative cardiomyopathy. Often VES and VT originate from 
the right ventricle. Sudden cardiac death is not uncommon. 

An established dilated cardiomyopathy or arrythmogenic right 
ventricle dysplasia is disqualifying for all classes of medical certifica¬ 
tion. In the rare case of recovery from cardiomyopathy, proof of com¬ 
plete recovery from the condition must be made in order for 
recertification to be considered (the assumption being made that the 
correct diagnosis was myocarditis). 

This involves stress testing showing normal cardiopulmonary per¬ 
formance, an echocardiogram demonstrating an EF of at least 50%, 
no significant regional wall motion disturbances, a 24-hour ECC 
without significant arrhythmias, and semi-annual evaluations by a 
cardiologist. Class I limited to one year and multicrew operations, 
and restricted Class II may be possible. 

Hypertrophic Cardiomyopathy 

Etypertrophic cardiomyopathy consists of a concentric hypertrophy 
of the left ventricle, in one fourth of the cases involving the septum 
(previously placed in the foreground and therefore carrying its own 
diagnostic name). The origin of this disease is uncertain. 14 It is asso¬ 
ciated with an increased incidence of sudden cardiac death, also in 
the families of effected patients. 

A disturbance of calcium transfer is thought to lead to calcium 
overload in the cells and therefore to diastolic compliance disor¬ 
ders. 18,19 Systolic function is most often not affected, except in the 
late stages of the disease. 

Echocardiographic characteristics are not discernable in child¬ 
hood but become possible in adolescence at the earliest. 

In the event that hypertrophic cardiomyopathy is definitively 
diagnosed, the applicant is not aeromedically qualified if there are 
rhythm disturbances, ECG changes, and unambiguous reports of 
symptomatology typically associated with hypertrophic cardiomy¬ 
opathy (such as diastolic insufficiency). 

If suspicion for this disorder exists, then an applicant may obtain 
Class I certification limited to one year and multicrew operations and 
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restricted Class II, as long as stress testing indicates normal car¬ 
diopulmonary performance, echocardiogram demonstrates an EF of 
at least 50% without significant wall motion, significant arrhythmias, 
and semi-annual evaluations are performed by a cardiologist. 

In the event that there is any doubt, angiography should be 
included in the evaluation. Sustained or non-sustained ventricular 
tachycardia, as well as dizziness of unclear etiology, is not compati¬ 
ble with medical certification. 

Obliterative and Restrictive Cardiomyopathy 

Obliterative and restrictive cardiomyopathy from any cause carries a 
decidedly poor prognosis and, once diagnosed, is permanently dis¬ 
qualifying. 

Treated hemochromatosis of the heart is compatible with Class I 
certification, limited to one year and multicrew operations and 
restricted Class II as long as stress testing indicates normal car¬ 
diopulmonary performance, echocardiogram demonstrates an EF of 
at least 50% without significant wall motion disturbances, the sep¬ 
tum is measured at less than 20 mm, a 24-hour ECG is without sig¬ 
nificant arrhythmias, and semiannual evaluations are performed by a 
cardiologist. In the event that there is any doubt, angiography should 
be included in the evaluation. 

SARCOIDOSIS 

Sarcoidosis is an inflammatory granulomatous disease of unknown 
etiology. In most cases the lung parenchyma is affected; however, the 
lymph nodes, joints, musculature, liver, kidneys, skin and, in 27% of 
affected patients, the heart may also be involved. 20 

Despite cardiac involvement, the cardiac symptoms are often less 
pronounced than the pulmonary symptoms, so that cardiac sar¬ 
coidosis often goes undiagnosed. Affection of the heart by granulo¬ 
matous infiltrates (particularly the anterior wall, the septum and the 
apical region of the left ventricle) primarily leads to conduction dis¬ 
turbances, ventricular arrhythmias and finally to a clinical picture of 
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dilatative cardiomyopathy with all the symptoms of heart insuffi¬ 
ciency. Pulmonary hypertension can appear due to pulmonary fibro¬ 
sis. There are reports that sarcoidosis of the heart is sensitive to 
steroids, but no certain data are available. 21 

In that sarcoidosis can also manifest itself as vasculitis of the 
large and small vessels (in the region of the aorta, may be confused 
with Takayasu's arteritis). Suspicion in pilots necessitates coronary 
angiography. 

Sarcoidosis requires a symptom-limited stress test with normal 
cardiopulmonary performance measurements. There must not be any 
stress-induced coronary insufficiency; scintigraphy may be helpful 
for future comparison studies. The resting ECG shall not indicate any 
conduction abnormalities. 

In the event of any doubt of myocardial involvement, MRI is 
helpful. Echocardiography must demonstrate an EF of at least 50% 
without any evidence of wall motion abnormalities. Coronary 
angiography is indicated if vasculitis or ischemia is suspected. A 24 hour 
ECG may not show any significant rhythm or conduction distur¬ 
bances. We recommend cardiological follow-up every six months 
with serial ECG and Doppler echocardiograms as well as EHolter 
monitoring. As long as complete healing is documented, restricted 
certification may be considered. 
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Chapter 12 


Coronary Artery Disease 


Use Janicke* 


ICAO STANDARDS AND RECOMMENDED PRACTICES 

The applicant shall not possess any abnormality of the heart, con¬ 
genital or acquired, which is likely to interfere with the safe exercise 
of the applicant's licence and rating privileges. There shall be no sig¬ 
nificant functional or structural abnormality of the circulatory system. 

MEDICAL REQUIREMENTS (JAR-FCL 3) 

Applicants with suspected cardiac ischemia shall be investigated. 
Those with asymptomatic minor coronary artery disease requiring no 
treatment may be assessed as fit by the Aeromedical Section. A stress 
ECC shall be performed and, if necessary, supplemented by a radionu¬ 
clide study or stress echocardiogram and/or coronary angiogram. 
Symptomatic coronary artery disease is disqualifying. 

Class I: Examination of serum lipids, including cholesterol, is 
required to facilitate risk assessment at the examination for first issue of 
a medical certificate, and at the first examination after the 40th birthday. 

Class II: If two or more major risk factors (smoking, hypertension, 
diabetes mellitus, obesity, etc.) are present in an applicant, estima¬ 
tion of serum lipids and serum cholesterol is required at the exami¬ 
nation for first issue of a medical certificate and at the first 
examination after the 40th birthday and on clinical indications. 


* Heart-Center Duisburg, Duisburg, Germany. E-mail: ilsejanicke@t-online.de. 
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Multiple risk factors shall require review, investigation, and supervi¬ 
sion by the Aeromedical Center or Aviation Medical Examiner in 
conjunction with the Aeromedical Section. 


DEFINITION, EPIDEMIOLOGY AND PATHOPHYSIOLOGY 

Cardiovascular diseases are the most common cause of morbidity 
and mortality in men over 40 and women over 50 years of age in 
the western world. The prevalence in middle aged men is close 
to 2%. Coronary artery disease (CAD) is the leading cause of loss of 
licence in industrialized nations and is the most common cause 
of subtle and overt "sudden incapacitation." CAD as a manifesta¬ 
tion of systemic atherosclerosis often overlaps with other vascular 
diseases of aeromedical significance such as cerebrovascular 
diseases, which carry an increased risk of stroke as high as 30-40% 
(Doppler screening required); conversely, people with peripheral 
arterial occlusive disease and claudication symptoms have a 40-50% 
risk of significant CAD. 1 

A causal relationship with CAD is probable for a number of 
cardiovascular risk factors. It is possible to differentiate between 
influenceable and non-influenceable risk factors (see Chapter 9 on 
Cardiovascular Risk Factors). The complex pathophysiology of 
CAD rests primarily on the processes of atheroma development and 
platelet activation with thrombosis, which are responsible for such 
clinical events as angina, myocardial infarction, and sudden car¬ 
diac death. Plaque formation leads either to a limitation of coro¬ 
nary arterial reserve and angina pectoris (large, hard plaques) or 
to sudden plaque rupture followed by significant cardiac events 
that are unrelated to the degree of underlying stenosis (soft plaques 
filled with lipids and with thin caps). Less common causes of 
non-atherosclerotic coronary artery stenosis include congenital 
coronary anomalies, coronary artery dissection, vasculitis (colla¬ 
gen-vascular disease), storage diseases, and spontaneous coronary 
artery thrombosis. 
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CLINICAL PICTURE, SYMPTOMS, 

AND DIFFERENTIAL DIAGNOSIS 

Initial Manifestation of CAD 

In 55% of cases, angina pectoris (AP) is the first symptom of CAD. In 
25% myocardial infarction (Ml) and in 20% sudden cardiac death is 
the first manifestation. Silent myocardial ischemia is common (about 
30% of cases), particularly in diabetics, the elderly, and smokers. 
Typical angina pectoris (sudden onset; reproducible with similar 
intensity; mostly retrosternal, radiating pain; initiated by physical or 
mental stress, by cold weather or by strong wind; lasting several min¬ 
utes, relieved with nitroglycerine) is due to incongruity between 
oxygen delivery and demand. Angina pectoris entails disqualification 
for all classes of medical certification, regardless of control by med¬ 
ication and underlying etiology such as coronary artery stenosis, 
aortic valve stenosis, anemia, hyperthyroidism, or fever. 

CANADIAN CARDIOVASCULAR SOCIETY 
ANGINA SCORE (CCS) 

CCS I: No angina with normal activity, occurs only with high level 
of continuous physical exertion. 

CCS II: Slight interference with normal activity (cold weather, rapidly 
climbing stairs, etc.). 

CCS III: Significant limitation with normal activities (donning or 
doffing clothing, light housework, walking 100 meters or one 
flight of stairs). 

CCS IV: Angina with every physical movement or at rest. 

Other angina equivalents are dyspnea on exertion; reduction in 
endurance; nocturnal angina; gastro-cardiac syndrome; walk-through 
angina (pain only at the start of physical activity, then disappearing); 
and atypical chest pain. 

In typical angina, about 80-95% of men and 45-95% of women 
are affected by CAD. 
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Atypical chest pain is related to an increased CAD risk, in men 
43-70% and in women 15-45%, depending on other risk factors. 
Consequently, coronary angiography may be necessary in pilots with 
a questionable cardiac diagnosis. Commercial pilots and private 
pilots who are passionate about flying usually present themselves as 
very fit with regard to their cardiac status, and are generally unwill¬ 
ing to disclose any cardiac symptoms. The clinical skills of the med¬ 
ical examiner are therefore critical. 

REQUIRED EVALUATIONS IN CAD 
Ischemia Cascade (Fig. 1) 

Besides a careful history, the evaluation of the pilot requires a functional 
evaluation with standardized dynamic or pharmacological stress testing 


Thallium- positron radionuclide right heart stress ECG/ History 

SPECT emission ventriculography catheter Holter monitor 

tomography measurement 


ECG 

changes 


metabolic 

disorder 


perfusion 

disorder 


filling 

pressure 

elevation 


disturbance 
of contraction 


disturbance 
of relaxation 


ISCHEMIA CASCADE 


angina 

pectoris 


Figure 1 . Ischemia cascade and position of the individual examination steps. 
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in order to assess hypoperfusion and reduced cardiac contractility. A 
better understanding is offered by the so-called "ischemia cascade": 
More than 50-60% of coronary artery stenosis results in perfusion 
homogeneity to the detriment of the post-stenotic supply area. This can 
be shown by perfusion scintigraphy (such asThallium-SPECT), which is 
highly valuable in evaluating the prognosis. Dependence on substrate 
demand during physical stress leads to an increasing perfusion deficit 
and metabolic changes in cellular tissues, demonstrable by positron 
emission tomography (PET). EHemodynamically relevant stenosis (>70%) 
can be determined by assessing systolic contraction defects with stress 
echocardiography or stress MRI. Contractile deficits involving the entire 
left ventricle will alter the hemodynamic function. Only at the end of 
the ischemic cascade do ECG changes and eventually angina pectoris 
symptoms develop. 

Clinical Evaluation 

A search for indirect clues, i.e. clinical signs that may be relevant to CAD: 

• Body Mass Index = weight (kg)/height (m 2 ). A BMI > 27 defines 
over-weight, and >30 is obesity. 

• Waist-to-hip ratio: abdomen to hip circumference ratio >1 in men 
and >0.8 in women correlates with an elevated CAD risk. 

• Xanthelasmata, arcus lipoides (arcus senilis), even with normal 
cholesterol and young age. 

• Signs of nicotine use (yellow fingertips). 

• Increased blood pressure (measure both arms). 

• Anemia (conjunctivae, nail beds). 

• Peripheral arterial diseases: pedal pulse, vascular auscultation (bruits). 

• Cardiac auscultation to determine other causes of chest pain. 

Resting ECG 

ICAO standards and recommended practices 

Class I: Electrocardiography shall form part of the heart examination 
for the first issue of a Medical Assessment Electrocardiography should 



260 


I. Janicke 


be included in re-examination of applicants between the ages of 30 
and 50 no less frequently than every two years and thereafter annually 
Class II: Electrocardiography should form part of the heart examina¬ 
tion for the first issue of a Medical Assessment and at the first exam¬ 
ination after the 40th birthday and at each aeromedical examination 
thereafter. 

JAR-FCL 3 certification requirements 

Class I: A standard 12-lead electrocardiogram and report are 
required at the examination for first issue of a medical certificate, 
then every five years until age 30, every two years until age 40, annu¬ 
ally until age 50, and at all revalidation or renewal examinations 
thereafter and on clinical indication. 

Class II: A standard 12-lead electrocardiogram and report are 
required at the examination for first issue of a medical certificate, at 
the first examination after the 40th birthday and at each aeromedical 
examination thereafter. Exercise electrocardiography is required only 
when clinically indicated. 

ECG: Interpretation of Normal Variants 

Because resting ECG's can produce many variations that can be 
incorrectly interpreted as indicating organic heart disease, leading to 
expensive, invasive testing with negative results, the ECG with its 
normal variations will be described. First of all, extracardiac influ¬ 
ences (positional changes, neurovegetative tone) may be identified as 
variations of normal ECG. 

P wave 

• In all leads, the P wave should be positive except in avR, III (possibly 
negative, biphasic in VI). 

• Sympathetic tone: peaked P in II, III, and aVF. 

• Increased vagal tone: widened P in II, III, and aVF. 

• Tall in pectus excavatum. 
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PQ interval 

• Long PQ interval >210 ms is a normal variant in sinus bradycar¬ 
dia and when the vagal tone is increased. 

• Shortened PQ interval with sympathetic tone. 

QRS complex 

• Diagnostically significant deviation I, II, III, VI, V6, normal width 
70-110 ms. 

• In pectus excavatum QRS splitting (rsr', rSr'-type in VI) (Fig. 2). 

Q wave 

• Physiological, if < Va of the R amplitude, usually in V4-V6. 

• In III, often in left axis deviation, obesity, and diaphragmatic 
herniation. 



Figure 2. Pectus excavatum: Right axis deviation and indicating right bundle 
branch block. 
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• Note: After posterior infarction, pathologic Q waves are seen not 
only in III, but also in II and aVF (> Va R wave). 

• In left axis deviation, positive deflection at inspiration and nega¬ 
tive at expiration and vice versa. This is particularly impressive in 
III in incomplete left axis deviation. 

R wave 

• Elevated in VI: Situs inversus, reversal of leads (Fig. 3). 

• FHigh amplitude in V 5/6: thin person (pseudohypertrophy), 
athletic heart. 

• Low amplitude: obesity, emphysema. 

ST segment 

• Duration from the end of the S wave to the beginning of the 
T wave. In the extremities and left precordial leads, the ST segment 



Figure 3. Situs inversus: I and aVL are mirror images, right precordial large posi¬ 
tive deflection in contrast to normal ECG. 
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R 



Abb. 10: Messpunkte fur R-Zacke, J-Punkt, ST-Strecke. Horizontale ST-Strecken-Senkung. 

Figure 4. Horizontal ST segment depression and measuring points for R waves, 
J point, ST segment. 


is isoelectric or maximally displaced 0.1 mV from the null line 
(in relation to the PR segment). 

• Sympathetic tone: slight ST depression, ascending progression 
(II, III, aVF, V4-6), J point depression (first point of ST interval 
behind QRS complex, Fig. 4). 

• With an absent S, the ST is often elevated and concave from the 
drop-off from R. 

• Increased vagal tone: early repolarization syndrome = ST eleva¬ 
tion from a J point elevation in athletically trained young adults, 
often together with other vagal signs. Disappears with atropine 
(Fig. 5). 

• Orthostatic reaction: ST depression, T wave flattening, or vacil¬ 
lating T wave: negative while standing, normal when supine 
(delayed counter regulation after change to vertical position). 

• FHypokalemia: minimal ST depression, negative/biphasic T wave. 

• Tachycardia: Very high T waves with J point elevation or ascend¬ 
ing ST depression are possible (Fig. 6). 

T wave 

• Normally positive, in concordance with QRS deflection except in 
III, possibly very variable. In VI, the T wave may be negative, 
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Figure 5. J-point and ST-elevation, bradycardia. 


isoelectric, biphasic, or positive; this is also the case in V2 in 
healthy adults up to age 25. In women, occasionally negative T 
wave in VI/2 until age 35. 

• Increased vagal tone: high broad T wave (in almost all leads), 
occasionally slight ST elevations. 

• Sympathetic tone: T wave flattening, isoelectric or preterminal 
negative T. 

• Immediately after eating: in V2-V5 a flat or flat-negative T wave, 
normal while fasting and after ingestion of KCI. 

U wave 

• If present, the U wave is seen after theT wave with same polarity 
as theT wave; the U wave is positive in II and V3/4. 
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Figure 6. Sinus tachycardia (150/min) in hyperthyroidism. 


• U waves occur in hypokalemia and when the vagal tone is 
increased (Fig. 7). 

QT interval 

The QT interval is measured from the beginning of the Q wave to the 
end of the T wave; it is frequency dependent, therefore a QT interval 
correction is calculated according to the Bazett formula: QTc = uncor¬ 
rected QT/VRR. Normal: 350-430 ms. It is important to estimate the risk 
of arrythmogenic events and not to disregard antiarrhythmic therapy. 

Except in case of organic heart disease, most sympathetic 
and parasympathetic effects on the resting ECC disappear at rest, 
after beta-blockade or on small doses of atropine. Tachycardia may 
cause even the experienced clinician some difficulty, in that the 
ST-T segment can demonstrate significant changes based on purely 
sympathetic tone, from which conclusions about pathological effects 
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Figure 7. Hypokalemia: in V2 and V3 prominent U-Wave, in the other leads 
TU fusion wave. Exact QT time evaluation with tangent method. 


on the myocardium can only be drawn with great caution. 
Pharmacological effects on ST depression can be caused by digitalis, 
antiarrhythmic, antidepressive, and cytostatic agents. 

The resting ECG will show changes in 2-3% of asymptomatic 
male pilots, most commonly affecting the ST segment and the 
T wave. They have little predictive value with regard to CAD, but 
nonetheless increase with increasing age and the number of risk 
factors. In order to clarify such resting ECC changes, or in case of 
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clinical signs of CAD, stress ECG and, if necessary, further cardiolog¬ 
ical investigation should be undertaken. 

STRESS TESTING 
Stress ECG 

ICAO Standards and Recommended Practices: For guidance on 
exercise electrocardiography, see Manual of Civil Aviation Medicine, 
Part III. Medical Assessment. DOC 8984. 

JAR-FLC 3 Certification Requirements: Exercise electrocardiography 
(symptom-limiting, 12-channel ECC to Bruce Stage IV or equivalent 
loading) shall be required: 

(1) when indicated by signs or symptoms suggestive of cardiovascu¬ 
lar disease; 

(2) for clarification of a resting electrocardiogram; 

(3) at the discretion of an aeromedical specialist acceptable to the AMS; 

(4) at age 65 and then every four years for Class 1 (revalidation or 
renewal). 

Indication and Predictive Value 

Stress testing serves to clarify CAD and the course/therapy of hyper¬ 
tension, coronary insufficiency, valve disease, and pulmonary dis¬ 
ease. Because of its low specificity (true negative results over total 
number without the disease) of only 90%, it is not useful as a gen¬ 
eral screening tool for asymptomatic individuals under the age of 
40 without risk factors. For this group, the stress ECG is false posi¬ 
tive in 10% of males and 30% of females. From a cardiological per¬ 
spective, exceptions include those individuals for whom their 
occupations in principle present a risk to others, such as airline 
pilots. 

Consideration of the benefit to the pilot and consequential safety 
issues must be carefully weighed against the risk of an unjustified 
disqualification resulting in loss of licence and livelihood. 
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The indication for stress testing should be liberally applied by the 
medical examiner, especially to those pilots who are over 40 years of 
age and have atherosclerotic risk profiles. For the majority of asymp¬ 
tomatic older pilots >50 years without risk factors, no further diag¬ 
nostic evaluation is required if the maximal stress testing is negative. 
The prognosis in those cases regarding the underlying coronary 
artery anatomy is good. 

The ST segment of the stress ECG is not useful as a solitary 
discriminating tool for pilot certification, due to its limited speci¬ 
ficity. Only with consideration of individual pre-testing probability 
for CAD (age, gender, symptoms, risk factors, etc.) does the pre¬ 
dictive value of stress testing become diagnostically helpful. The 
predictive value is greatest when pre-test probability lies in 
the range of 30-70% (Bayes' theorem). The stress ECG provides 
some diagnostic help in men >40 years with atypical angina and 
in women with atypical angina >55 years. In higher risk groups 
(men over 40 with typical angina), stress ECG provides little fur¬ 
ther diagnostic advantage as 90% have angiographically relevant 
CAD but does provide information regarding localization and 
severity. 

The sensitivity (true positive results over total number with the 
disease) of stress ECG depends on the extent of the CAD. Most often 
stress ECG is positive in three vessel disease or main stem stenosis of 
90%, whereas it is negative in 50% of cases with single vessel disease. 
The greater the ST segment depression, the greater the likelihood of 
multi-vessel disease. 

If an ST segment depression is determined on stress ECG, there 
are two possibilities: 

• It might be a false positive that must be clarified. 

• It might be a true positive, and the risk of future cardiac events 

must be determined through further diagnostic evaluation. 

Indications of imminent cardiac events include limited perform¬ 
ance (<75 W), angina pectoris during stress testing, ST depression 
>0.2 mV at low inclines, sustained ST depression in the recovery 
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phase, poor blood pressure response >130 mmHg such as drop in 
blood pressure, ST elevations with stress load, and complex ventric¬ 
ular arrhythmias. 


Technical Application 

In the United States, standardized stress testing within aviation med¬ 
icine is carried out by means of a treadmill and following the Bruce 
protocol (with stepwise increase in treadmill speed and inclination). 
In Europe, seated or semi-reclining bicycle ergometry is primarily uti¬ 
lized (Table 1). For comparison of treadmill test with bicycle ergom¬ 
etry, the conversion factor of metabolic equivalent (MET) is used. 
This comprises a linear relationship between load and 0 2 -uptake. 
1 MET = 0 2 uptake of 3.5 mL/min/kg body weight. 


Required Precautions 

• Contraindications and termination procedures should be well 
known and emergency equipment must be available. 

• Anti-ischemia medication should be discontinued (nitroglycerine 
24 h, Ca-antagonists 24 h, beta-blockers three days, and digoxin/ 
digitoxin 10-21 days) prior to testing. 


Table 1. Comparison of Treadmill and Bicycle Stress Testing 


Treadmill 

Bicycle 

Shorter protocol duration 

Longer protocol duration 

Running is a physiologic loading 

Economic, steady 

method 


Better cardiovascular load through 
use of larger muscle mass 

Better detection of ischemia in obesity 

Sitting does not stress muscle 


adequately in obesity 

Worse recording of blood pressure 

Better recording of blood 

and ECC 

pressure and ECG 
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• Five-minute rest period, at room temperature of 18-22°C, prior to 
testing. 

• Nothing per os two hours prior to testing. 

ECG Procedure: 12-lead ECG (according to Mason and Likar) 
is recommended. Application of the limb leads on the trunk will 
minimize movement artifacts. Good contact requires removal 
of hair and application of skin emollient; suction electrodes are 
best. Continuous recording of six leads with brief switching to 
the remaining leads. The chest leads are of greatest importance, 
with lead V5 having the highest accuracy. The sensitivity of stress 
testing can be increased by use of additional right precordial 
leads. 2 

Cardiovascular Load 

Step-wise increase in workload until symptom-limited maximal 
peak load is attained with demonstrable exhaustion (W max = max. 
0 2 -consumption V 02ma J, but no more than 15 minutes in order to 
avoid premature muscle fatigue. Blood pressure, heart rate, and ECG 
recording during the last 30 seconds of each load increase. 

Rule of Thumb for Maximal Performance 

Men (20 -30 years of age): Maximal performance 3 W/kg, 10% 
reduction per decade of life. 

Women (20-30 years of age): Maximal performance 2.5 W/kg, 8% 
reduction per decade of life. 

With obesity, there is a corresponding reduction in performance. 
Clinical endpoint of maximal symptomatic performance (heart rate = 
220 - age in years) are fatigue, angina pectoris, muscle pain, or objec¬ 
tive findings such as ST depression and blood pressure elevation. The 
higher the work load, the greater the likelihood of discovering discrete 
circulatory compromise. In pilots, maximal performance should nor¬ 
mally be reached. ECG changes are quite common in the recovery 
phase, which should continue for at least six minutes. 
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Table 2. Treadmill Test Following the Bruce Protocol 


Stage 

Speed (km/h) 

Incline (%) 

Length (min) 

Workload (MET) 

1 

2,75 

10 

3 

5 

2 

4,0 

12 

3 

7 

3 

5,5 

14 

3 

10 

4 

6,75 

16 

3 

13 

5 

8,0 

18 

3 

16 

6 

8,85 

20 

3 


7 

9,65 

22 

3 


Table 3. Standardized Bicycle Stress Test 


Prephase 

5 min 

Initial stage 

50-75 W (4, 0-5, 0 MET) 

Length of time at each stage 

2 min 

Increase of load at each stage 

50 W, at higher work loads 25 W 

Total duration 

At least 6 min, 3 stages, maximally 

12-15 minutes 

Max. symptomatic load 

HF max = 220 — Age (years) (8, 5-11 MET) 

Recovery phase 

6 min 


Differentiation Criteria 


What changes are normally seen during stress testing? 


P wave 

PR interval 
R wave 
QRS duration 
S wave 


J point 
ST segment 
T wave 


Becomes wider and amplitude increases, but vector 
remains the same 
Slight delay 

Amplitude advances to left precordial 
No change 

Negative amplitude (right precordial) increases, 
terminal QRS vector rotates to the right 
and upward 
Depression to 0.1 mV 
Rapidly increasing depression 
Flattening, often to the isoelectric line 
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Evaluation of the ST Segment 

Two points are analyzed: the J point and a second measurement 
point 60-80 ms later. 

The ST segment ascends when the J point is depressed greater 
than the second measurement point, and descends when the oppo¬ 
site occurs as the J point is only slightly depressed and the second 
measurement point is strongly depressed (Fig. 4). 


Evaluation of ischemia 

• Depression of the second measuring point of at least 0.1 mV with 
horizontal or descending progression: chest leads 0.1-0.2 mV, 
limb leads 0.05-0.1 mV, at least three complexes in a row (Fig. 8). 

• With small R amplitudes, an ST depression of 0.05 mV is patho¬ 
logical. At high R amplitudes, ST depression is pathological only 
above 0.1 mV. 

• Slow ascending ST depression with depression of the second 
measurement point of at least 0.2 mV indicates in 1/3 of cases 
that CAD exists. Critical review, in ischemia mostly are found in 
adjacent leads horizontal/descending ST depression (Fig. 9). 

• J point depression of more than 0.2 mV is probably pathological. 

• In women, pathological findings are often false positive, and the 
limit for ischemia can be 0.2 mV. 

• ST elevation >0.1 mV is certainly pathological. If there is no prior 
infarct, an ST elevation is due to proximal stenosis or coronary 
artery spasm. After myocardial infarct, an ST elevation indicates 
segmental wall motion disorder such as an aneurysm. 

• In 20% of cases, CAD exists with increase of ST-T changes from 
rest (toward positive and negative) and non-specific T-wave 
changes. 3 

• In young asymptomatic individuals, a positive change of a nega¬ 
tive T wave can be interpreted as sympathetic tone. 

• Previous ST-T wave changes, for example in hypertrophy, bundle 
branch block or pre-excitation syndrome, are not predictive 
of CAD. 
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Figure 8. Inferior wall scar and ischemic ST depression of V3-V6 of 0.2m at 
50 Watt. 



Figure 9. Slow ascension of ST depression. 
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• Left bundle branch block (LBBB) under stress testing is prognosti- 
cally unfavorable. Although not necessarily typical for CAD, 
LBBB can indicate a rate-induced bundle branch block. 

• Appearance of a negative U wave or negative changes of a posi¬ 
tive U wave are pathological. 

• Typical ST depression four to six minutes after the beginning of 
stress testing, as a late reaction, is often an expression of a severe 
three-vessel CAD and must be taken seriously. 

Simplified Evaluation of Stress Testing with Regard 

to Individual Pre-test Probabilities 

1. Confirmed coronary artery insufficiency on stress testing if there 
is typical or atypical angina pectoris and development of ST 
depression >0.1 mV. 

2. Probable coronary artery insufficiency on stress testing if there is 
ST depression or angina pectoris; angina pectoris and ST depres¬ 
sion with hypertrophy or left bundle branch block. 

3. Possible coronary artery disease on stress testing if there is one 
questionable ischemia indicator, such as ST depression of 0.3 mV 
on digitalis. 

4. Unlikely coronary artery insufficiency on stress testing if there is ST 
depression of 0.1 mV on digitalis without symptoms. Questionable 
symptoms of angina pectoris. 

5. No coronary artery insufficiency on stress testing if there is no ST 
depression and no angina pectoris with exertion. 

Misinterpretation of Stress ECG (False Positive) 

ST depression without CAD may be seen as a consequence of 

— Hyperventilation, resting tachycardia. 

— Effect of medication: digitalis, diuretics, antiarrhythmics, 
cx-methyldopa, tricyclic antidepressants. 

— Myxedema, hypoxia, hyperglycemia, hypokalemia, anemia. 
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— Hypertension-induced LVH, pre-excitation syndromes, 
syndrome X. 

— Mitral valve prolapse, high-grade mitral valve insufficiency. 

— Hemodynamically significant organic heart defect. 

In order to differentiate false positive from true positive results, 
a repeat evaluation should be undertaken after sublingual nitro¬ 
glycerine; if the changes disappear, the pilot must undergo 
further cardiological evaluation before medical certifcation can be 
considered. 

Computerized Analysis of Stress ECG 

Those who do not regularly read stress ECG tracings may be well 
advised to rely on computer analysis. The ECG recording is converted 
by a particular algorithm into numerical values. The measurement 
point (J point and a point 60-80 ms afterwards) must be correctly 
pre-assessed and marked. 

Advantage: Certain artifacts (such as baseline shift, and 50/60 Hz 
cycle interference) are corrected electronically. Disadvantage: 
In case of signal perturbations, inaccurate analysis can occur. 

Stress Testing After Myocardial Infarct 

After six months, with the assistance of the cardiologist, the AME 
should arrange a stress testing in order to advise the pilot whether it 
is reasonable to initiate the strenuous and expensive certification 
process regarding special issuance ("waiver"). In order not to over¬ 
look potential problems, stress testing should be performed without 
anti-arrhythmic or anti-anginal medications. 

Goals 

(1) identification of ischemia, exercise-induced coronary insufficiency, 
and load performances. 
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(2) identification of patients with unfavorable prognosis, risk evaluation. 

(3) identification of arrhythmia tendency (particularly polymorphic 
ventricular extrasystoles, couplets, salvos), repeat stress testing 
without beta blockade. 

Assessment 

• Inadequate/absent blood pressure response (<50 mmHg), inade¬ 
quate heart rate increase, dyspnea, sweating, and pallor correlate 
with a poor prognosis (warning signs!). 

• Ischemic reaction should be assessed only in leads without 
infarct-related QRS, ST and T wave changes. 

• Following posterior wall infarct, stress testing has a high predic¬ 
tive value for ischemia in the anterior wall; the reverse case of 
ischemia detection on stress testing following anterior infarct is 
less predictive. 

• ST elevations orT wave inversions in the area of prior infarct are 
not a sign of coronary insufficiency, but rather a consequence of 
wall motion disturbance (such as dyskinesis indicating a large 
infarct area). 

• When still evident two months post infarction, stress-induced ST 
elevations are prognostically unfavorable signs carrying an annual 
mortality rate of about 8%. 4 

• ST depression on stress testing after infarction carries an even 
worse prognosis. 

In questionable cases, myocardial scintigraphy or stress echocar¬ 
diography is indicated. 

Stress Testing after Myocardial Infarct 

Symptom-limited stress testing without medications should take 
place six months after coronary by-pass surgery; prior to that, ECC 
changes due to surgery could still be present, and exercise perform¬ 
ance may not yet be maximal. Subsequently, annual stress testing 
should be performed as well. 
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Goals 

Evaluation of functional results and exercise performance after surgery. 

Evaluation of risk of cardinal events ("sudden incapacitation"). 

Assessment 

• Stress testing should be normal. 

• Pathological results signify incomplete or unsuccessful revascu¬ 
larization (sensitivity 90%). 

• Isolated ST depression of 0.1-0.2 mV without symptoms and 
arrhythmia at maximal load should be followed up with coro¬ 
nary arteriography (by-pass restenosis usually occurs within 
the first three months) but may be compatible with restricted 
certification. 

• If there are no symptoms, mildly positive postoperative 
stress testing results (in contrast to strongly positive pre¬ 
operative results), associated with inconspicuous findings on 
further non-invasive tests may not require a second coronary 
arteriogram. 

Stress Testing after Coronary Angioplasty (PCI/Stent) 

Stress testing should be performed six months after intervention 

as most re-stenosis occurs within the first six months; stress 

testing in the first few weeks following angioplasty is often false 

positive. 

Goals 

Evaluation of therapeutic intervention. 

Assessment 

• Detection of restenosis should normally be determined by maximal 
symptom-limited stress testing. 
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• Positive predictive values of restenosis are relatively rare (33%), 
sensitivity and specificity are only about 60% (better with scintig¬ 
raphy or stress echocardiography). 

• Comparison of pre- and post angioplasty stress testing results. 

• A slight ST depression of 0.1-0.2 mV does not necessarily mean 
restenosis; pilots should, however, undergo a secondary coronary 
arteriography in order to assess fitness for flight. 


Prognostic Evaluation 

The value of stress testing in predicting sudden incapacitation is not 
high. Nonetheless, stress testing allows determination of subgroups 
with less than 1% risk of cardiac events. If there are no risk factors 
and age-appropriate maximal stress testing provides negative 
results, the coronary event rate is 0.2 to 0.4% per year. Repeated 
positive stress testing results together with cardiovascular risk fac¬ 
tors carry a coronary event rate of >5% per year 9 (based on exami¬ 
nation of 4015 asymptomatic healthy males at age 45). If an 
additional negative chronotropic reaction occurs, the prognosis is 
less favorable. A good understanding of stress ECC testing analysis 
and ability to distinguish between normal and abnormal is a pre¬ 
requisite for the medical examiner and a sine qua non for a high 
quality evaluation, the aim of which is to protect the health of the 
pilot, to determine the risk of future cardiac events as well as to 
limit unnecessary testing. 


Stress Echocardiography 
Predictive value 

In case of ambiguous medical history, inconclusive stress testing, or 
suspected CAD, and especially if the pre-test probability is interme¬ 
diate (e.g. males with atypical angina pectoris and normal stress test¬ 
ing; men without angina pectoris with pathological stress testing; 
and women with typical angina pectoris and normal stress testing), 
the non-invasive, non-radionuclide stress echocardiography has a 



Coronary Artery Disease 


279 


significantly greater sensitivity and specificity (each about 85%) in 
diagnosing CAD than stress ECG testing. The value of stress echocar¬ 
diography in precise risk stratification and prognostication has been 
proven 6 ' 8 and has particular importance within the field of aviation 
medicine. 

In case of stress-induced ischemia (at least 70% stenosis), where 
new regional wall motion disturbances (hypokinesis, akinesis, dyski- 
nesis) are evident, the target coronary vessel is likely to be the site of 
the culprit lesion. The absence of stress-induced wall motion distur¬ 
bances largely rules out myocardial ischemia but not necessarily an 
underlying coronary artery disease. 

In occupational groups with particularly high safety requirements 
such as airline pilots, the entire coronary morphology must be under¬ 
stood. When referring a pilot for stress echocardiography, the med¬ 
ical examiner should be aware that the predictive value of the 
method used is dependent to no small degree on the particular skill 
and experience of the evaluator. 

Indications 

• CAD primary diagnosis: Ischemia screening with known CAD 
(degree of stenosis? localization?) 

• Ambiguous stress ECG results: Positive, without symptoms; with 
hypertension; digitalis; after PCI/CABG. Negative with symptoms; 
with bundle branch block, WPW, pacemaker. 

• Risk factor stratification after myocardial infarction: Exercise- 
induced wall motion disorders represent an appreciable risk of 
cardiac event and may entail permanent disqualification if revas¬ 
cularization is not possible. 

Evaluation of ejection fraction (<50% is disqualifying) and 
an ischemia-induced valvular dysfunction (e.g. mitral valve 
insufficiency). 

• Functional results after intervention, CABG surgery: Examination 
after six months provides information regarding medium-term 
success of revascularization, best compared with pre-operative 
stress echocardiography. Functional coronary diagnosis has 
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a higher prognostic value, so that medical certification can be 
based on an optimal examination without need of post-operative 
angiography. 

• Tissue viability before surgery or intervention (no benefit of revas- 
cularising a scar). 

• Prognostication: It is possible to differentiate between patients with 
low and high risk by stress echocardiography. Patients with typical or 
atypical angina pectoris symptoms and pathological treadmill have 
a good prognosis if the stress echocardiography is unremarkable. 

Technical Procedure 

Emergency equipment, termination procedures, and contraindications 
are similar to stress testing; method-specific termination includes 
new wall-motion disturbances in a minimum of two adjacent 
segments. 

During stress testing, a continuing left-sided transthoracic echocar¬ 
diography (video documentation) is performed, along with continual 
ECG and blood pressure monitoring. 

By way of computer assisted synchronized imaging and by com¬ 
paring images at rest with images during exercise (special computer 
program with a multi-screen monitor "quad screen" format), a direct 
comparison of segmental contraction of the left ventricle can be 
accomplished during and after stress testing. The entire time required 
for preparation, examination, and post-testing observation is in the 
order of one hour. 

Proper examination can proceed if (a) patient information is 
available 24 hours prior to the test, (b) no anti-anginal medications 
are used, and (c) beta-blockers are withheld for 48 hrs. Any use of 
stress medications should be noted. 

Whether a patient should be physically or pharmacologically 
stress tested is determined by the clinical symptoms and the prob¬ 
lems to be addressed. Dynamic stress testing is accomplished on a 
bicycle ergometer with left lateral application of the echo transducer. 
There are disadvantages of monitoring during physiological stress 
testing: motion artifact diminishes the quality of the echo signal so 
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that images of very short lived ischemia may be lost. Consequently, 
pharmacological stress testing has been standardized for pilots, 
preferably with use of dobutamine, dipyridamol, or adenosine. While 
dipyridamol and adenosine produce ischemia via the "steal effect," 
dobutamine is used in low doses to increase heart rate via the car¬ 
diac beta-1 receptors. It can be titrated up to 40 ^g/kg/min or to the 
onset of elevated heart rate, blood pressure and myocardial 0 2 
demand so that schemia, if present, will be visible. The effect of 
dobutamine is quickly blocked by i.v. beta-blockade, and that of 
dipyridamol/adenosine by theophylline. 

Side Effects 

The bicycle stress echocardiogram is favored in cardiology practice 
as a rapid, low risk procedure. The limitations of these examina¬ 
tions should not be underestimated. Pharmacological stress testing 






2-Chamber view 


Figure 10. Stress echo-four view format. 
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with dipyridamol/adenosine often has slight side effects such as 
thoracic complaints, headache, dizziness, etc., frequently necessi¬ 
tating termination of the examination before the target heart rate 
has been attained, while with dobutamine, the target heart rate and 
loading is usually achieved. Serious side effects (couplets, non- 
sustained VT, atrial fibrillation) are rare and usually only appear in 
high dosage protocols. They disappear within minutes after beta- 
blocker infusion. 

Even though these pharmacological stress echocardiography tech¬ 
niques are relatively safe methods of examination with a satisfactory 
side effect profile, they should be used exclusively by experienced 
cardiology clinics/practices, where resuscitation is possible and seri¬ 
ous cardiac complications can be well managed. 

NUCLEAR MEDICINE PROCEDURES 
Myocardial Scintigraphy 
Predictive value 

Another objective and non-invasive stress test, myocardial perfu¬ 
sion scintigraphy, utilizes radioisotopes and has been used since 
the 1970's. After i.v. injection of a radioactive material that dis¬ 
tributes itself through the myocardial circulation, coronary arterial 
stenosis of 50% or more can be demonstrated even before it results 
in ischemia and contractile disorders (see ischemia cascade). 
The test is highly valuable in the prediction of future cardiac 
events. Absent or very small stress-induced hypoperfused areas in 
good picture quality carry event rates under 1%, whereas patho¬ 
logical results leading to event rates up to 7.4% annually are 
disqualifying. 9,10 

Indications 

Indications, contraindications and side effects are similar to those of 
stress echocardiography. The rate of false positive findings (up to 30% 
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in women) should be taken into consideration. Scintigraphy is not of 
predictive value with: 

1. Left bundle branch block 

2. Pacemaker 

3. Pre-excitation syndrome (WPW) 

4. Dilated/hypertrophic cardiomyopathy 

5. Coronary microangiopathy from diabetes 

6. Morbid obesity/large breasts (inferior ischemia artifact). 

Technical procedure 

Maximal dynamic or pharmacological stress testing (with dobuta- 
mine, dipyridamol or adenosine) is carried out after at least four 
hours of fasting and after discontinuation of all anti-anginal medica¬ 
tions. Shortly before stress testing, a radioisotope (thallium-201 chloride, 
Tc-99m-MIBI or tetrofosmine) is injected. It is rapidly absorbed into 
the myocardium, reaching saturation within minutes and allowing for 
imaging of the hypoperfused areas for the next 15-30 minutes. 
The myocardial distribution of the radioisotope is recorded by single 
photon emission tomography (SPECT) or, less commonly, with the 
much more expensive positron emission tomography (PET). It is trig¬ 
gered by ECC recordings, and tracer distribution is shown in cross 
sections according to the standard heart axes. 

The stress recordings are compared with the resting images over 
similar timeframes and in comparable cross sections. The images 
can be produced in black and white or in color. Color looks very 
nice but perfusion homogeneity can be over-interpreted by exces¬ 
sive contrast. 

Critical interpretation 

• No evidence for fixed or reversible ischemia = normal finding. 

• Fixed perfusion defect under stress and at rest = myocardial scar, may 
be compatible with medical certification in certain circumstances. 
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Figure 11. Technetium SPECT myocardial scintigraphy: Reversible perfusion defect 
in anterior wall and apex. 

• Reversible perfusion defect = adequate perfusion at rest, inadequate 
under load. Not compatible with medical certification as the myo¬ 
cardium is at risk and electrical instability may develop (Fig. 11). 

• Ambiguous results are often due to a diaphragmatic artifact, 
which appears as non-homogenous perfusion, and require further 
evaluation. 

Prognostication 

On the basis of numerous and in some cases very large studies, 
myocardial scintigraphy plays an important prognostic role in many 
cases of CAD. The number and expansion of reversible perfusion 
defects, transient left ventricular dilatation, and left ventricular ejection 
fraction influence future cardiac events. The diagnostic predictive 
value follows Bayes' theorem. 

• Asymptomatic individuals 

If stress testing and nuclear studies are negative, the annual inci¬ 
dence of angina, infarction, and death are less than 1%. If stress 


Ischemic 
anterior wall 
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testing is positive and the nuclear study is negative, the annual 
incidence of angina rises to 1.8%, while significant cardiac events 
remain at less than 1%. If both studies are abnormal, the annual 
incidence of coronary events is between 2 and 6%. Pilots whose 
profile indicates a substantial risk of CAD should undergo coro¬ 
nary angiography. 

• Assumed or known CAD 

If stress testing and scintigraphy are normal, the annual incidence 
of infarction and death is 0.8%; if both tests are abnormal, it 
increases to well over 1%. On the basis of a meta-analysis of six 
studies between 1989 and 1994, an annual event rate of only 
0.9% was found with known mild CAD disease, provided maximal 
stress scintigraphy was normal. This correlates with the general 
population. 

• Scintigraphy after infarction 

With perfusion scintigraphy it is possible to differentiate persons with 
high risk of cardiac events from those with low risk. The mortality rate 
is 0% in one year and 1% in two years in cases with small completed 
infarction, fixed perfusion defect, and with an ejection fraction 
>50%. This is compatible with the 1% rule. The mortality rate is 2% 
in case of reversible perfusion defect which thus is not compatible 
with the 1 % rule. 

• Scintigraphy after myocardial revascularization 
(PCI/CABG) 

Scintigraphy in this situation can be ambiguous. In general, it is valid: 
in the case of no reversible perfusion defects, the rate of relevant car¬ 
diac events is less than 1% per year. There are studies, however, that 
show the annual rate of infarct or death to be about 1.5% despite 
normal scintigraphy after infarct. 8 This method should not solely be 
used to estimate prognosis. 
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• Prognostic value of different tests in combination 

Scintigraphy and stress echocardiography provide complementary 
information for prognostication that is vital in the context of aviation. 
The combination of clinical parameters, stress testing, scintigraphy, 
and coronary angiography unambiguously increases the prognos¬ 
tic predictive value in a stepwise fashion. The value of myocardial 
scintigraphy additional to gender and stress testing is actually 
higher than that of coronary angiography. 11 After a myocardial 
infarct, however, other evaluations are required to estimate the 
prognosis. 

• How often shall pilots undergo scintigraphy? 

Coronary atheromas can develop differently over time. The rec¬ 
ommendation for pilots is as described in (Ref. 9): persons without 
risk factors for CAD and without a history of revascularization 
should undergo scintigraphy every two years. In the case of car¬ 
diovascular risk factors or a history of revascularization, annual 
scintigraphy is recommended. If the findings change, coronary 
angiography is indicated. 


Positron Emission Tomography (PET) 

Positron emission tomography is the best nuclear medical procedure 
for imaging the function and pathophysiology/pathobiochemistry on 
a molecular basis. With the assistance of specific perfusion markers 
(positron emission), the diagnosis of ischemia by means of pharma¬ 
cological stress testing is of higher accuracy than that provided by 
stress echocardiogram or SPECT scintigraphy. The metabolism marker 
of F-18 FDC-glucose can differentiate between the metabolic activity 
of the heart muscle and scarred yocardium (in the past, the gold stan¬ 
dard in the evaluation of vital tissue). An elective revascularization 
only results in an improvement of cardiac function if performed on 
vital myocardial tissues. Due to high costs, logistical problems and 
limited availability (of the positron emission device), and the 
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increased establishment of cardiac MRI centers, PET is not routinely 
used for diagnosis of cardiac ischemia. 

Magnetic Resonance Imaging (MRI) with Stress 

In thel 970's, the first magnetic resonance images of the human 
anatomy were made, utilizing the special nuclear characteristics of 
the electron spin of hydrogen following radiofrequency irradiation. In 
recent years, cardiac MRI has become a complimentary procedure to 
echocardiography in the assessment of the morphological and func¬ 
tional characteristics necessary to diagnose illnesses of the heart and 
the great vessels. 

On the basis of rapid image sequencing, brief measurement inter¬ 
vals and rapid resolution, moving organs such as the heart can be 
pictorially represented. Advantages over echocardiography are better 
picture quality, reproducibility, and the capability to measure wall 
thickness changes. 

Indications 

Assessment of the essential global functional parameters and calcu¬ 
lations of right and left ventricular volume parameters as well as car¬ 
diac output. Cardiac MRI (CMRI) has become the gold standard for 
the evaluation of left ventricular function in CAD and the cardiomy¬ 
opathies. For pilots, this is of particular importance, as they need a 
minimum of 50% ejection fraction for certification. 

For the prediction of flow-limiting coronary artery stenosis, there 
are two CMRI possibilities: 1) Dobutamine or adenosine-stress MRI 
with analysis of any new appearances of regional contractile distur¬ 
bances. This is a technique that can also be used in those who are 
difficult to evaluate by echocardiography (sensitivity and specificity 
85-90%). 12 2) The second non-invasive method is MR first-pass- 
perfusion imaging, with sequence at rest and during infusion of adeno¬ 
sine. An i.v. bolus of an MR-contrast medium (gadolinium-DTPA) 
is given at rest followed by pharmacological stress testing over 60-80 
cardiac cycles (sensitivity 87-90% and specificity about 85%). 
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MR first-pass-perfusion imaging can be considered a clinical standard 
for non-invasive evaluation of coronary artery stenosis. 

Cardiac MRI has replaced PET as the gold standard for viability 
testing due to the "late enhancement effect," where extracellular 
MR medium concentrates in the enlarged interstitial areas in necrotic 
myocardial tissue. 

Technical requirements 

A magnetic strength of 1.5 tesla (3.0 tesla in clinical trials), a spe¬ 
cial gradient system, and special software are required for cardiac 
assessment. Indispensable prerequisites for cardiac MRI is the trig¬ 
gering ECC. Adequate evaluation and, in particular, the imple¬ 
mentation of the stress test are only possible when radiologists and 
cardiologists work together. During stress testing, the necessary 
emergency equipment must be MR compatible and immediately 
available. 

Current disadvantages and pitfalls of CMRI 

All CMRI examinations must be accomplished during breath holding. 
Problems include artifacts from breathing, the need of an ECG trigger, 
and patient movements. The handling of possible complications, 
occurring while the patient is in the MRI "tube," can give rise to prob¬ 
lems. Comparison of a particular plane at rest and under stress can 
result in an erroneous accordance of the planar position, as when 
the heart shortens under stress loading. A significant disadvantage is 
that CMRI is not yet performed in real time. Contraindications include 
pacemakers and defibrillators, ferromagnetic metallic implants, and 
some heart valve prostheses. 

With regard to cardiac evaluation, rapid MRI has been devel¬ 
oped with the goal of becoming a "one-stop-shop," in that the mor¬ 
phology (coronary or by-pass stenosis, plaque morphology) as well 
as the main functional aspects (segmental wall thickness, wall thick¬ 
ness changes during stress loading, evaluation of perfusion, and 
metabolism of the myocardium) can be depicted with a single MRI 
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examination. This will be meaningful to pilots, because early diag¬ 
nosis of CAD and evaluation of therapeutic modalities can be 
accomplished without need of further invasive or non-invasive diag¬ 
nostic endeavors. 

Diagnostic Coronary Imaging 

Great strides have been made during the last decades in the field of 
non-invasive coronary diagnostics. Despite statements to the contrary, 
frequently encountered in the lay press, no method can currently 
replace coronary arteriography as the gold standard for CAD diagno¬ 
sis. For pilots with risk factors, the non-invasive screening methods 
still represent the future. 

Electron Beam Computed Tomography (EBCT) 

Developed in the 1970's, EBCT found its way into clinical cardiology 
in 1983. EBCT is synonymous with Ultra-fast CT and Cine-CT. 

Technical principles 

EBCT utilizes a linear accelerator to create an electron beam which 
is focused on a semi-circular wolfram target around the patient. The 
X-rays created penetrate the patient, and their intensity is measured 
by detectors. A significant advantage is the minimal time (<100 ms) 
required to acquire a cross-section, and a spatial resolution of 
<0.5 mm 2 . The fast production of images (17 images/s) allows the 
heart to be imaged in a series of planes and triggered to specific 
phases in the cardiac cycle. The radiation exposure is comparatively 
modest, corresponding to ten chest X-rays. 

Indications 

1. Quantitative assessment of coronary calcification. 

2. Immediate visualization of coronary artery lumen by contrast 
enhanced 3D surface reconstruction. 
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Predictive value 

1. EBCT is a validated quantitative method to assess accumulation 
of coronary calcium. Calcification is a specific expression of 
coronary atherosclerosis and can be found in early stages of 
CAD. Soft non-calcified plaques cannot be identified. A positive 
result does not indicate coronary stenosis (low specificity), but 
does indicate the presence of CAD. From the individual calcium 
plaques, a total score is determined (Agatston), 13 the value of 
which is a measure of cardiovascular risk over the next two to five 
years. 14 The calcium index score rises with the number of tradi¬ 
tional risk factors. 

The independent prognostic potential of calcium load is still 
unclear. The following recommendations are based on current 
knowledge: The calcium index score should be considered 
together with age and gender. If the calcium index score is higher 
than the cohort's average, then an elevated coronary risk should 
be assumed. 15,16 For example, an Agatston score above the 75th 
percentile is associated with a 12-fold increased mortality risk. 
A pilot should not be disqualified on the basis of this result, but 
it should lead to further evaluation. With proof of coronary calci¬ 
fication, secondary prevention is recommended. 

The American FHeart Association has developed the following 

guidelines for EBCT: 

— EBCT is not a substitute for stress testing in patients with angina 
pectoris. 

— EBCT as a screening tool for patients with risk factors is not yet 
well defined. 

— EBCT is not indicated in asymptomatic patients without risk 
factors. 

— A negative finding does not entirely exclude atherosclerotic 
plaques, but the likelihood of relevant stenosis is quite low. 

— A positive finding indicates a medium-elevated risk of cardiovas¬ 
cular disease in the next two to five years. 
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2. By means of the technically intensive, time-consuming, and 
expensive 3D surface reconstruction, a direct, contrast strength¬ 
ened, non-invasive representation of the coronary arteries is 
possible. 

Sufficiently good image quality in the proximal and middle 
sections of coronary arteries and by-pass grafts is only possible in 
75% of cases. The clinical application of this method is limited 
after stent insertion/revascularization. 

Disadvantages: 

• 20% of images are not valid, particularly in the elderly and those 
with severe calcification. Respirations and motion artifacts can 
interfere in right coronary artery evaluation. 

• Examination is possible only in stable sinus bradycardia. 

• Amount of contrast medium is greater than in coronary 
angiography. 

• Very high initial equipment costs. 

• Very high examination costs that are often not covered by insurance. 

• The level of predictive value of coronary angiography is not 
achieved. 

Multi-Slice CT (MSCT) 

The multi-slice CT is a further development of spiral CT. A detec¬ 
tor circles around the patient, who is slowly transported through 
the scanner while measurements are taken. Numerous ECG-trig- 
gered levels can be simultaneously scanned, out of which all pos¬ 
sible images can be reconstructed without significant motion 
artifact. Currently (2008), MSCT with 64 lines (time resolution 
of 165 ms, and a maximal image resolution of 0.42 mm) is con¬ 
sidered the standard. The dual source technology is the newest 
generation. 

The above-mentioned Agatston score and modified volume scores 
for evaluating coronary calcium is utilized with MSCT, although the 
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Calcium plaque 



3D-Reconstruction 

Figure 12. Multidetector CT angiography with 3D-reconstruction. 


determination of calcium index scores as a screening method should 
not be employed, not even in pilots, due to uncertainty in interpretation, 
the radiation exposure, and contrast medium burden. CT angiography 
is also unable to detect non-calcified coronary artery plaques. There 
is a good correlation with invasive coronary angiography regarding 
the evaluation of proximal and mid-coronary sections, the patency 
of by-pass vessels, and the detection of coronary artery anomalies. 
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Figure 13 . MR-angiography: Aortic isthmus stenosis. 


Evaluation after stent implantation does not appear to be entirely 
reliable. Similarly, there is no reliable evaluation method for severe 
coronary artery calcification. 

Relative disadvantages include a significant radiation exposure 
and contrast medium load (100 mL). The requirement of a heart 
rate below 70/min often necessitates the use of beta-blockers to 
reduce the heart rate in order to optimize the examination. 

Magnetic Resonance (MRCA) 

The established indications for cardio-MRI are diseases of the great 
vessels, inherited cardiac anomalies, tumors, and peri-myocarditis. 

MR coronary angiography (examination time 20 minutes) is 
afflicted with significant uncertainties. With the different techniques 
(T2-weighted frequency at breath holding, contrast enhanced 
3D-MRCA at breath holding), hemodynamically significant coronary 
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artery stenosis can only be detected in the proximal sections with a 
sensitivity of 80%. This is inadequate for coronary artery diagnosis. 
Problematic are the limitations of resolution in the small caliber tor¬ 
tuous coronary arteries, the contrast between the coronary arteries 
from their surrounding tissue, and the compensation of movement of 
the heart and respiration. 

MR coronary angiography does not currently hold a place in rou¬ 
tine cardiac diagnostics. Exceptions are coronary anomalies and 
by-pass imaging. CT angiography of the coronary vessels is therefore 
superior. 

Coronary Angiography 

Medical Requirements (JAR-FCL 3): A coronary angiogram 
obtained around the time of, or during, the ischemic cardiac event 
shall be available. There shall be no stenosis of more than 50% in 
any major untreated vessel, in any vein or artery graft, or at the site 
of an angioplasty/stent, except in a vessel leading to an infarct. 
More than two stenosis between 30% and 50% within the vascu¬ 
lar tree should not be accepted. An untreated stenosis greater than 
30% in the left main or proximal left anterior descending coronary 
artery should not be acceptable. The angiogram must be made 
available to the AMS. 

Diagnostic coronary angiography, with a resolution of 0.3 mm, 
was accidentally discovered by Sones in 1959, and is the gold stan¬ 
dard for evaluating anatomy and morphology of the cardiac ves¬ 
sels. Together with ventriculography for determining left ventricular 
function, it represents one of the most important independent 
prognostic parameters. Selective coronary angiography in experi¬ 
enced hands today carries a minimal risk of less than 0.1%, and it 
can be performed on an out- or in-patient basis. By optimizing the 
instrumentation and imaging techniques, which is best accom¬ 
plished digitally, the radiation exposure has become relatively 
small (corresponding to about 100 chest X-rays). After local anes¬ 
thesia, the femoral artery (Judkins technique) or cubital artery in the 
arm (modified Sones technique) is punctured, and a preformed 
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diagnostic catheter is inserted over a sheath. Together with ven¬ 
triculography, the entire amount of contrast volume used is usually 
less than 100 ml_. If the arterial access site is percutaneously closed 
or a small diameter sheath (4 F) is utilized, the patient can stand up 
after four hours. 

Indications for coronary angiography (Guidelines according 
to ACC/AFHA Commission 17 customized for evaluation of pilot 
fitness): 

Asymptomatic individuals 

— Suspicion of CAD on the basis of non-invasive tests (such as 
evidence of ischemia). 

— Condition after myocardial infarction (at least six to nine months 
after the event). 

— Condition after by-pass operation or angioplasty/stent six to nine 
months after intervention. 

— Condition after by-pass operation or angioplasty/stent after five 
years for evaluation of ischemia. 

— Males >35 years or females >40 years prior to heart valve surgery. 

— Condition after thoracic trauma. 

— FHeart rhythm and conduction disorder suspicious of CAD in 
non-invasive tests. 

— Complete left bundle branch block in individuals >40 years. 

— Clarification of cardiomyopathy. 

— Clarification of congenital heart disease prior to surgery. 
Symptomatic individuals 

— Clarification of atypical chest pain with ambiguous non-invasive 
tests. 

— Stable/unstable angina. 

— Clarification of left ventricular function disorders. 

— Acute coronary syndrome, acute myocardial infarction (transmural/ 
non-transmural). 

— Condition after cardiac resuscitation. 



296 


I. Janicke 


Predictive value 

The large epicardiac coronary arteries are the left main (LM), the 
circumflex (LCX), left anterior descending (LAD), and the right coronary 
artery (RCA) (see Fig. 14). Most often, co-dominant blood supply types 
are differentiated from the left dominant or right dominant blood supply 
types. The severity of the CAD, and therefore the prognosis, depends, 
among other things, on whether one, two or three vessels are involved, 
and whether there is relevant stenosis of the left main stem vessel. 

The sensitivity and specificity of coronary arteriography for coro¬ 
nary artery stenosis is exceedingly high, and the gradation of the steno¬ 
sis vacillates between examiners by c.20%. Because the images are 
captured briefly, the prognosis regarding future infarct is not reliable, 
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Figure 14 . The large epicardiac coronary arteries, saphenous vein graft to RCA and 
IMA graft to LAD. 
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although large studies in the 1970's delivered good correlations 
between angiography and clinical course data. 18 Minimal stenosis during 
rapid plaque growth or more commonly a rupture of a soft plaque in 
situations with middle grade stenosis may result in an infarct. 

Zero vessel CAD 

Some of those pilots who, because of typical or atypical angina pec¬ 
toris, undergo coronary angiography, do not have any stenosis in the 
large epicardial vessels but are found to have "small vessel disease." 
The prognosis is excellent, independent of the clinical picture. 
Even with coronary artery spasm, the prognosis is excellent. 

Coronary artery sclerosis 

Mild coronary lesions <30% indicate the onset of coronary atheroscle¬ 
rosis along with the corresponding prognostic consequences for pilots. 
Changes in the lumen <30% carry a 10-year cardiac event rate (includ¬ 
ing cardiac death, infarct, progression) of 13.8%; ifthesenotic changes 
are between 30 and 50% of the lumen, an event rate of 30% over ten 
years can be expected. Therefore, JAR-FCL-3 limits prognostically 
important main stem and proximal LAD stenosis to <30%. 

Coronary artery disease 

Coronary artery disease is defined as a stenosis greater than 50%. 
Depending on the morphology of the stenosis, this grade can be 
hemodynamically relevant. 

Single vessel CAD 

Single vessel CAD has a relatively good prognosis dependent on the 
location of the stenosis. The five-year survival rate varies between 92 
and 100%. 18 Lesions of the proximal LAD have the highest mortality, 
similar to two-vessel CAD; isolated RCA lesions have the best prog¬ 
nosis. With good collateralization, complete obstruction may be 
asymptomatic and may not diminish left ventricular function. If there 
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is no evidence of ischemia by scintigraphy/stress echocardiography, 
restricted medical certification may be possible. 

Two vessel CAD 

The survival rate over five years varies between and 87 and 100%, 
slightly worse than with single vessel disease. The average rate of 
infarct or death over five years is 4.3%. The prognosis is worse 
with main stem stenosis (eight years survival rate of 43%); conse¬ 
quently, main stem stenosis of 50% or more should be corrected 
surgically. 

Three vessel CAD 

Three vessel CAD, especially with proximal lesions, entails permanent 
disqualification as long as there is no revascularization. The five-year 
rate of infarct/death is at least 5.5%. 

Left ventricular angiography 

Left ventricular function is a very important independent prognostic 
parameter. The more severe the CAD, the more likely there is a 
decrease in LV function. Single vessel CAD with normal LV function 
carries a five-year survival rate of 89%, in contrast to 77% with 
reduced LV function. Medical certification (special issuance) can 
only be awarded if the ejection fraction of the left ventricle is shown 
to be >50% by echocardiography, left ventriculography, etc. (normal 
>60%), without significant wall motion disturbances and normal 
right ventricular function. 


Aeromedical disposition 

A small portion of pilots with significant CAD have a low risk of 
future cardiac events. Optimal risk stratification requires that non- 
invasive and invasive examinations are evaluated in the light of all 
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clinical data and risk factors. Because even mild CAD can rapidly 
progress, annual evaluation by a cardiologist, including stress testing 
and possibly another coronary arteriogram, may be necessary. Pilots 
should be disqualified if symptoms or non-invasive test results indi¬ 
cating CAD develop. 

Therapies Regarding Flight Fitness and Prognosis 

ICAO standards and recommended practices 

An applicant who has undergone coronary bypass grafting or angio¬ 
plasty (with or without stenting), or other cardiac intervention, or 
who has a history of myocardial infarction, or who suffers from any 
other potentially incapacitating cardiac condition shall be assessed 
as unfit unless the applicant's cardiac condition has been investi¬ 
gated and evaluated in accordance with best medical practice and is 
assessed to not likely interfere with the safe exercise of the applicant's 
licence or rating privileges. 

JAR-FCL 3 certification requirements 

Applicants with symptomatic coronary artery disease, or with cardiac 
symptoms controlled by medications, shall be assessed as unfit. After 
an ischemic event (defined as a myocardial infarction, angina, sig¬ 
nificant arrhythmia or heart failure due to ischemia, or any type of 
cardiac revascularization), initial Class I certification is not possible. 
At revalidation or renewal, a fit assessment may be considered by the 
AMS if the investigations in paragraph 6 Appendix 1 to Subpart B are 
completed satisfactorily. Class 2 certification may be considered by 
the AMS if the investigations in paragraph 6 Appendix 7 to Subpart B 
are completed satisfactorily. 

After an ischemic cardiac event, including revascularization, 
applicants without symptoms shall have reduced any vascular risk 
factors to an appropriate level. Medication, when used only to 
control cardiac symptoms, are not acceptable. All applicants 
should be on acceptable secondary prevention treatment. At least 
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six months from the ischemic event, the following investigations 
shall be completed: 

a) an exercise ECC (symptom limited) to Bruce Stage IV, or equiva¬ 
lent, showing no evidence of myocardial ischemia nor rhythm 
disturbance; 

b) an echocardiogram (or equivalent) showing satisfactory left ven¬ 
tricular function with no important abnormality of wall motion 
(such as dyskinesia or akinesia) and a left ventricular ejection 
fraction of 50% or more); 

c) in cases of angioplasty/stenting, a myocardial perfusion scan or 
stress echocardiography (or equivalent test), which shall show no 
evidence of reversible myocardial ischemia; 

d) further investigations, such as a 24-hour ECC, may be necessary 
to assess the risk of any significant rhythm disturbance. 

Follow-up shall be yearly (or more frequently if necessary) to 
ensure there is no deterioration of cardiovascular status. It shall 
include exercise ECC and cardiovascular risk assessment. 

After coronary artery vein by-pass grafting, a myocardial perfu¬ 
sion scan (or equivalent) shall be performed if there is any indication, 
and in all cases, within five years from the procedure. 

In all cases, coronary angiography, or an equivalent test, shall be 
considered at any time if symptoms, signs, or non-invasive tests indi¬ 
cate cardiac ischemia. 

Successful completion of the six-month review will allow Class I 
applicants to fly multi-pilot (OML). Class II applicants, having fulfilled 
the above criteria, may fly unrestricted at the discretion of the AMS. 

MYOCARDIAL INFARCTION 19 

The high incidence of cardiovascular disease in the western world 
(77/100 000 inhabitants/year) and the significant improvement in acute 
heart attack treatment with acute percutaneous coronary intervention 
(PCI) with 90% opening of the affected vessel within 90 minutes, 
along with significant reduction in mortality, has led to an increased 
interest in risk factor stratification. 
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Figure 15. LAD-occlusion with acute recanalization and stent insertion. 


A prognostic determinant is the time between the onset of pain 
and the opening of the affected vessel, which should be as short as 
possible, thereby minimizing the myocardial scar and the subsequent 
reduction in LV function. 

The AME should provide preventive education to pilots with risk 
factors. 

The long-term prognosis after infarct is determined by such 
events as re-infarction, recurrent ischemia, significant arrhythmias, 
and cardiac insufficiency. These risks must be assessed individually, 
utilizing all available parameters. After myocardial infarction, the 
medical examiner, in collaboration with the cardiologist, should 
accurately counsel the pilot with regard to prognosis and outlook for 
certification, and inform about anticipated examinations. After myocar¬ 
dial infarction in asymptomatic young people and pilots, the prognostic 
indication for coronary angiography should be based on answers to the 
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following questions: Coronary anatomy? Open infarct vessel? 
Restenosis? Single or multiple vessel CAD? LV-function? Only then can 
therapy and prognosis be determined. 

The elevated mortality risk after infarct appears to be favorably 
influenced by opening the diseased vessel (reduction in peripheral 
ischemia, post-infarct LV dilatation, and electrical instability at the 
edge of the infarct region). Regarding pilots, the decision to open 
vessels in an infarcted area should be made individually and liberally. 
By utilizing prior functional examinations of prognostic relevance 
(such as scintigraphy, stress echocardiography, etc.), which can identify 
vital chronically ischemic myocardium, those areas that can profit 
from later revascularization can be identified. 

The ejection fraction (EF) is an important prognostic parameter, 
on which the prognosis of the underlying cause is dependent. An EF 
of about 50% in the setting of CAD and limited infarct carries a 10- 
year survival rate of about 91 %, which clearly declines with reduced 
heart function. Through the combination of a number of non-invasive 
stress tests, the "prognostic power" can be raised, so that six months 
after infarct/PCI/revascularization, routine coronary arteriography is 
no longer necessary. Through the rapid development of non-invasive 
coronary arteriography (MSCT, MR-coronary arteriography), invasive 
tests can be substituted on an individual basis in the future. 
Regarding the question of rhythm stability, especially in the edge area 
of myocardial scar, Holter monitoring, which should be reviewed in 
its entirety by the physician (no computer interpretation), and the use 
of signal averaging ECG are helpful. 

Interventional Therapy 

Balloon angioplasty (PTCA = percutaneous transluminal coronary 
angioplasty, PCI = percutaneous coronary intervention), first used in 
the heart in 1977 by Griintzig, eliminates stenosis through compres¬ 
sion of the atherosclerotic plaque, rupture of the plaque and vessel 
intima along with local stretching of the vessel wall. The primary suc¬ 
cess rate, dependent upon the morphology of the stenosis, is above 
95% and results in reduction of the stenosis to less than 50% of the 
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reference diameter. The rate of fatal complications is 0.5-1%, depend¬ 
ing on the patient's stability. After interventional coronary artery treat¬ 
ment (angioplasty, stent) a pilot is deemed disqualified and may be 
assessed as fit after investigation. 

The main problems of interventional coronary artery treatment is 
acute coronary artery obstruction, which can lead to an emergency 
by-pass operation and entails a restenosis rate of up to 30% in the first 
six months. An increased utilization of intracoronary stents (stainless 
steel, tantalum, platinum, nitinol) could reduce the number of emer¬ 
gency by-pass operations, decrease infarct and fatal complications to 
0.3-1.0%, and restenosis to 1 6-20%. Early stent thrombosis can be 
reduced to 0.5-1 % by optimal utilization of anti-thrombotic strategies 
(ASA, clopidogrel, etc.) Utilization of the newer stents, which release 
proliferation inhibitors and/or immune suppressive drugs from a poly¬ 
mer coating, could achieve a highly significant reduction in the inci¬ 
dence of restenosis 20 (<10%) (such as Cypher™-Stent with Sirolimus 
or Taxus™-Stent with Paclitaxel) and are indicated for particularly 
small coronary arteries and long lesions. The rate of renewed catheter¬ 
ization can be reduced through the implantation of DES (drug eluting 
stents). In countries where these cost-intensive stents are covered by 
health insurance, the DES are implanted in a majority of cases (60% 
of cases in Switzerland, and 80% in the USA). Long-term results are 
still awaited, as the routine use of DES in pilots as well as the duration 
of the two anti-thrombotic regimens (ASA and Clopidogrel) are cur¬ 
rently being assessed. It is to be noticed that a meta-analysis (ESC 
2006) described a higher rate of late stent thrombosis after completion 
of dual anti-thrombotic regimens. Other interventional methods, such 
as atherectomies (Simpson), rotablation, and laser treatments have 
fallen to the background. 

Indication for coronary dilatation 

Domains include single and double vessel disease with: 

1) Angina pectoris and/or evidence of ischemia and relevant stenosis. 

2) Marginal stenosis with pronounced ischemia. 
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3) Relevant stenosis in larger coronary arteries even without obvious 

angina pectoris/ischemia (prognostic indication): 

— prior to non-cardiac operations 

— in risk-related occupations (pilots/bus drivers) 

— when collateral perfusion is threatened 

— in case of stenosis/closure after infarct ("open artery" hypothesis). 

With three-vessel CAD, PCI is indicated when stenosis morphology 
is favorable for PCI, LV function is normal, and the patient is non¬ 
diabetic. In individuals with multiple vessel CAD, the cardiac risk 
and particularly the rate of restenosis in relationship to the number of 
treated lesions is higher after six months. 

On the basis of multi-variant analysis, the risk of significant 
cardiac events after angioplasty lies below 1.0 % per year, provided: 
single vessel CAD, age <60, no heart insufficiency, EF >50%, no dia¬ 
betes or hypertension, and angina pectoris CCS Class 0-11. 

Course after stent implantation/restenosis detection 

A planned stent implantation in a single native coronary artery can 
be expected to reduce the annual mortality rate to under 1%; the 
risk of restenosis, however, is about 16-20%. In contrast, stent 
implantations in vein grafts provide only short-term favorable 
results. 21 Higher rates of in-stent restenosis can be expected in pri¬ 
mary unstable angina pectoris, restenosis after PCI, diabetes melli- 
tus, recanalization of chronic occluded vessels, LAD stenosis, as 
well as implantation of multiple stents in one or more vessels. This 
elevated restenosis rate can, as clearly indicated by previous stud¬ 
ies, be reduced by utilization of drug eluting stents. After multiple 
interventions, recertification should be considered with caution 
and must be individually assessed. In the case of a special issuance, 
complete revascularization must be proven and restenosis must be 
verified. 
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Success following intervention can be defined by symptomatic 
criteria (angina pectoris) and by a variety of functional tests with vari¬ 
able predictive capabilities. 

• Recurrence of angina pectoris within the first month after angio¬ 
plasty suggests insufficient dilatation of the vessel or angina from 
another affected vessel. 

• Angina between one and six months after angioplasty usually 
indicates restenosis. 

• Angina six months after intervention suggests a significant steno¬ 
sis at another site. Indeed, silent restenosis, which affects prog¬ 
nosis, occurs in up to 33% of cases. 

Consequently, functional tests to detect restenosis are a require¬ 
ment for recertification. Stress ECC carries approximately a 45% pos¬ 
itive predictive value for restenosis detection, and is higher if the 
stress testing is not performed immediately after PCI. Myocardial 
scintigraphy has a significantly higher predictive value for restenosis 
detection. 

In our own study of 150 individuals undergoing restenosis detec¬ 
tion after six months following intervention, the history had a positive 
predictive value (precision rate) of 77%, and stress ECC one of 84%, 
with a marginal sensitivity of 50% but with acceptable specificity. The 
dobutamine stress echocardiography had a positive predictive value of 
87% with significant better sensitivity and specificity. This was the case 
for atypical angina pectoris and/or non-diagnostic or pathological 
stress ECC. Similar data are valid also for stress MRI, which is much 
less subjective. Through a combination of a variety of tests, one can 
sufficiently accurately estimate the prognosis of cardiac events. 

Coronary angiography is the most reliable method of proving/ 
disproving a restenosis after coronary artery intervention. Pilots with 
single vessel CAD following PCI/stent and proven absence of restenosis 
have a cardiac event risk under 1% per year and therefore the best 
prospect for recertification. 
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SURGICAL THERAPY 

Coronary artery by-pass operation using venous grafting was intro¬ 
duced in 1968 by Favorolo. 22 Due to improvements in the technique, 
anesthesia, and especially through the utilization of mammary arter¬ 
ies, the prognosis and rate of successful revascularization (despite 
longer operating time) has been significantly improved. By¬ 
pass operation is conducted under hypothermia and under cardio¬ 
plegia. Venous by-pass grafts, most often the great saphenous vein, 
are implanted between the aorta and a coronary artery segment dis¬ 
tal to the stenosis. The currently routinely used left internal mammary 
artery (IMA) is mobilized out of its tissue bed, the side branches 
ligated, and the distal end joined with the LAD. Complete arterial 
revascularization is the goal. 


Indications for CABG Operation: 

1) Significant (>50%) left main stem stenosis or left main equivalent 
(>70% proximal LAD and proximal circumflex). 

2) Three vessel CAD, particularly in patients with reduced systolic 
LV function (<50%). 

3) Two vessel CAD with proximal LAD stenosis and EF <50%, or by 
evidence of ischemia. 

Venous grafting is followed by early thrombotic closure at 
a rate of 10% in the first year, so the outcome must be verified 
prior to recertification. In the following years, the annual closure 
rate is 1-3%. After five years, 80% of venous grafts are still open, 
and after 10 years, 60% remain open. These data are pooled 
from studies that include patients with reduced LV function. 
Mammary arteries remained open 95% of the time after 10 years. 
The survival rate of three vessel CAD was 89% if the LAD was sup¬ 
plied by IMA grafting, in comparison to 71 % when venous by-pass 
was used alone. 23 The surgical mortality rate of patients with 
bilateral IMA-grafting is somewhat higher than with unilateral 
application. 



Coronary Artery Disease 


307 


Minimally invasive by-pass operations of single vessel CAD, join¬ 
ing the left internal mammary artery and the LAD through a left tho¬ 
racic intercostal incision can be accomplished on a beating heart 
without the use of a heart-lung by-pass machine. Because of distal 
anastomosis stenosis, surgical success should be verified by coronary 
angiography prior to recertification. 

Today, by-pass operations requiring sternotomy are performed 
even on the beating heart without heart-lung by-pass machines; the 
heart is stabilized with a holding device so that the by-pass can be 
sutured. This MIDCAB (Minimally Invasive Direct Coronary Artery 
By-pass) technique is particularly advantageous for high-risk patients. 

ANGIOPLASTY/PCI VERSUS CORONARY 
ARTERY BY-PASS GRAFT SURGERY (CABG ) 24 

Numerous randomized studies of multiple vessel CAD have com¬ 
pared the by-pass operation with PCI (BARI, CABRI, RITA, GABI, 
EAST, and ERACI). 

Regarding infarct and mortality, these therapeutic strategies are 
equivalent, except for diabetics, where by-pass is better. The relative 
effect of PCI over CABG on the five-year mortality rate in patients 
with a range of severity of CAD was evaluated in the Duke study 25 
(Cox model hazard rations). In severe single vessel CAD, including 
proximal LAD stenosis and moderate two-vessel CAD, PCI and 
CABG were equal in retrospective analysis over five years. In con¬ 
trast, in severe two-vessel CAD, including left main stem and in all 
three-vessel CAD, particularly with restricted LV function (<50%), 
by-pass should be considered for the long term. After surgery, 


Table 4. Comparison of Annual Cardiovascular Mortality over Five Years 
(Duke Study) 



PCI 

CABG 

Medications 

1-CAD 

0.55 % 

1.0% 

0.67% 

2-CAD 

1.12% 

0.7% 

1.57% 

3-CAD 

2.87% 

1.02% 

3.45% 
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an improvement in LV function can occur, so that the ejection fraction 
of >50%, which is indicated for recertification, can be achieved. 

Coronary artery intervention, directed toward symptomatic treat¬ 
ment, can result in more frequent re-interventions (since the intro¬ 
duction of DES this has been reduced), resulting in repeated 
disqualification. In certain situations, the riskier by-pass operation 
may result in an improved long-term prognosis and more often in 
complete revascularization (88% versus 51% with PCI). Regarding 
pilots, the performance of the revascularization procedure (interven¬ 
tion or surgery, eventually DES) should influence the decision. 

Prognosis 

The long-term course following CABG depends on clinical variables 
and the treatment of risk factors. Predictors of perioperative mortality 
are emergency surgery, repeated surgery, age, female gender, dia¬ 
betes, renal sufficiency, peripheral atherosclerotic vascular disease, 
COPD, limited LV function, hypertension, advanced CAD, and other 
co-existing cardiovascular diseases (Coronary Artery Surgery 
Study). 26 Because of the initial selection, the professional pilot differs 
from the general population in two ways: co-existing diseases are 
rare and hypertension, if present, is well controlled. From a medical 
perspective, the heterogeneous group of private pilots is closer to the 
general population. 

The control of risk factors strongly influences the long-term 
course after every revascularization procedure. The risk of cardiac 
event for a normal man aged 30-59 is 0.3-1.0% per year. The risk of 
sudden incapacitation in patients with the clinical characteristics of 
a pilot after by-pass operation (without myocardial infarction) is 
about 1.6% per year. If the pilot does not smoke and is not hyper¬ 
tensive, the annual risk falls to 0.4%. 

After by-pass surgery with an IMA graft, a pilot with normal LV 
function and optimal cholesterol values, who does not smoke and 
has a healthy lifestyle with physical activity, can expect a five-year 
course that is comparable to an asymptomatic individual of similar 
age and gender. 
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Recommendations/Requirements 

The choice of revascularization procedure for pilots with coronary 
artery disease, particularly with regard to prognosis, should be exe¬ 
cuted as discussed above. Complete revascularization is necessary 
for recertification. Because by-pass surgery with heart-lung machines 
can lead to neurological complications ranging from subtle intellec¬ 
tual and functional changes to significant stroke, neurological and 
psychological rehabilitation must be demonstrated to be entirely 
complete. Through a combination of clinical examinations and a 
variety of non-invasive tests, such as stress ECC, scintigraphy, stress 
echocardiography etc., it is possible to estimate the degree of func¬ 
tional revascularization, the prognosis, and the risk of cardiac events 
following by-pass surgery. Prior to recertification, perfusion scintigra¬ 
phy or an equivalent test should be performed, and in any case a per¬ 
fusion scintigraphy should take place after five years. In case of 
symptoms or a pathological non-invasive test, a coronary angiogram 
must be performed. The question of post-CABC early occlusion can, 
in the future, be determined by Multi-Slice CT examination (MSCT) 
of the newest generation as a non-invasive alternative to coronary 
angiography. In the context of complete revascularization, a repeat 
coronary angiogram in five years is not entirely necessary. 


MEDICAL THERAPY 

ICAO Standards and Recommended Practices: An applicant for any 
class of Medical Assessment shall be required to be free from any 
effect or side-effect of any prescribed or non-prescribed therapeutic, 
diagnostic, or preventive medication taken, such as would entail a 
degree of functional incapacity that is likely to interfere with the safe 
operation of an aircraft or with the safe performance of duties. Use of 
herbal medication and alternative treatment modalities requires 
particular attention to possible side effects. 

JAR-FLC 3 Certification Requirements: Holders of medical certifi¬ 
cates shall not take any prescription or non-prescription medication 
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or drug, or undergo any other treatment, unless they are completely 
sure that the medication, drug, or treatment will not have any adverse 
effect on their ability to safely perform their duties. If there is any 
doubt, advice shall be sought from the AMS or an AMC or an AME. 

Many medications available without prescription are pain killers 
such as Aspirin® and ibuprofen, anti-allergic medicines such as anti¬ 
histamines, and stimulants. Those that contain ingredients that end 
with -ine, such as chlorpheniramine, phenylpropanolamine, ephedrine, 
or phenylephrine can potentially influence pilot performance. A gen¬ 
eral rule: if a pilot suffers from an illness or condition that requires 
treatment, this is cause enough to consider the condition incompati¬ 
ble with safe flying. 

Acetylsalicylic Acid (ASA) and Clopidogrel 

In all patients with stable or unstable angina pectoris, post myocar¬ 
dial infarction, angioplasty/stent, and by-pass surgery, the prognosis 
is significantly improved by daily intake of 75 to 325 mg ASA, which 
causes a reduction in incidence of infarct, restenosis, graft occlusion, 
etc. This is also the case for mild coronary wall changes <30% and 
for myocardial bridges. Generally 100 mg/day is administered. In the 
case of intolerance, there are entero-soluble formulations in cap¬ 
sules, which are dissolved in the small intestine. The bleeding time, 
over the long term, is not significantly elevated. Newer thrombocyte 
inhibitors using other mechanisms, such as clopidogrel or ticlopidin, 
are similarly suitable for prognosis improvement after infarct. Due to 
increased side effects and hematopoietic changes, clopidogrel is 
preferred to ticlopidin. Fitness to fly is not affected. 

/J-BLOCKERS 

Propranolol was the first approved /3-blocker for pilots, but should be 
avoided today as it has greater side effects than other /3-blockers. 
Numerous large studies have shown a reduced reinfarction and mortal¬ 
ity rate with the use of /3-blockers after myocardial infarct. The ISIS-I 
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study of atenalol use in about 16 000 patients (Lancet 1986/88) was 
the most extensive. Metoprolol and bisoprolol (50 mg daily) are pre¬ 
ferred in pilots due to the hydrophilic characteristics and minimal 
CNS side effects. This recommendation is based on evaluations by 
the Flugmedizinisches Institut der Luftwaffe in Furstenfeldbruck 
(Aviation Medicine Institute of the Air Force in Furstenfeldbruck) and 
other military medical facilities. 

ACE Inhibitors and AT,- Receptor Antagonists 

Both ACE inhibitors and AT, blockers lead to vasodilatation through 
angiotensin II inhibition, and thereby a to reduction in left ventricular 
after-load and blood pressure. AT, blockers, in contrast to ACE inhibitors, 
do not have a bradykinin effect (cough reflex). The ACE inhibitors are also 
preferred in heart insufficiency and post infarct. 

In all studies, ACE inhibitor therapy following infarct leads to a 
decrease in the progression of heart insufficiency, and to reduced 
hospitalization, cardiovascular mortality, and total mortality (AIRE, 
TRACE, Consensus II, ISIS-4, GISSI-3). In the SAVE study, captopril 
reduced the mortality rate by 20% and the re-infarct rate by 25%. 
When administered within the first 48 hours after infarct, this effect 
could be demonstrated even with long-acting ACE inhibitors. This 
substance group appears to have no significant CNS effects and is 
therefore compatible with medical certification. Therapeutic moni¬ 
toring, especially initially, is obligatory. The dose should be reduced 
in the case of sodium and volume depletion, such as with dehydra¬ 
tion, diarrhea, etc. 

Diuretics 

Potassium sparing diuretics are well tolerated and compatible with 
safe flying. The metabolic side effects, such as increase in lipids, uric 
acid, and worsening of glucose metabolism should not be over¬ 
looked. Loop diuretics are not compatible with medical certification, 
due to their side effects, such as electrolyte disturbance and their 
relative consequences and short therapeutic effects. 
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Angiotensin Receptor Antagonists 
and Calcium Channel Blockers 

See Section 3, Arterial Hypertension. 


Lipid Lowering Agents 

The treatment of hypercholesterolemia with statin lowering agents 
(HMC-CoA-reductase inhibitors) is a major development in recent 
years. This treatment leads to a significant improvement in the prog¬ 
nosis of CAD with a significant reduction in mortality, in particular 
from less risk of myocardial infarction and less need of emergency 
by-pass operation. This is also the case for patients with normal LDL 
cholesterol, the target being 100 mg/dl_. Please also see Chapter 9: 
Cardiovascular Risk Factors. 


Anti-Anginals 

Medications such as nitrates and molsidomin for the treatment of 
symptomatic angina pectoris are disqualifying. The medications 
required after by-pass surgery can usually be discontinued prior to 
recertification. 


Recommendations regarding secondary prevention 
for patients with CAD and other 
atherosclerotic vascular disease 

Following the AHA/ACC Guidelines for Secondary Prevention for 
Patients with Coronary and Other Atherosclerotic Vascular Disease: 
2006 Update (Smith SC (2006) J Am Coll Cardiol 47: 2130-39) 
and the recommendations of the Deutsche Gesellschaft fur 
Kardiologie — Herz- und Kreislaufforschung (German Society of 
Cardiology — Heart and Circulation Research). 
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Table 5. Recommendations 

Coal of Risk 
Intervention 

Recommendations 

Smoking: 

Complete 
cessation of 
smoking, 
avoidance of 
smoking 
environments 

Ask questions regarding smoking at every visit. Include 
partner or family; make agreement regarding smoking 
cessation. Referral for further consultation, reference 
material (patient literature), nicotine substitutes and 
smoking cessation programs. Quitting smoking is the 
single most important measure for patients with 
vascular disease. 

Nutrition: 

Low fat 

anti-atherogenic 

food 

Calorie balanced, high fiber (>20 g/day, low fat diet 
(<30% of total energy consumption), with only a 
small portion of saturated fats (<10% calories) and 
cholesterol (<300 mg/day). The consumption of meat 
and animal fat should be reduced; ocean fish meals 
are desirable. The diet should be rich in whole wheat 
products, fresh fruits, and vegetables. Moderate 
alcohol consumption (about 15 g/day) has no 
deleterious effects on the cardiovascular and total risk. 

At >30 g/day, risk increases. In women, lower 
thresholds apply. 

Overweight: 

Attaining 
a normal body 
weight (BMI <25) 
and elimination 

of abdominal 
adipose 

Calorie restricted diet. Identification of the causes of 
being overweight: alcohol, hidden fats in sausages, 
cheese and prepared foods, chocolate, cakes, over 
indulgence in fruit (calories!). Appropriate physical 
activity (see below) is particularly important in patients 
with elevated blood pressure, elevated triglyceride, 
and diabetes mellitus. Initial goal of weight reduction 
should be 10% of the initial weight. Further 
intervention follows success. 

Hyperlipidemia: 

Ideal-goal: 

LDL-Chol 
<100 mg/dl 
(2.5 mmol/l) 

Achieving normal weight is desirable, and also regular 
physical activity, particularly when HDL 
<40 mg/dl (1.0 mmol/L). Reduction of unsaturated 
fatty acids <7% of total calories, and cholesterol 
<200 mg/d, elevation of omega-3 fatty acids 
in the form of fish or capsules (1 g/d). 


(Continued) 
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Table 5. 

(Continued) 


Goal of Risk 




Intervention 


Recommendations 


Secondary goal: 

LDL <100 

LDL >100 mg/dl: 

LDL >100 despite 

HDL-Chol 

mg/dl: 

Additional 

drugs: Increase 

>40 mg/dl 

No therapy 

to strict diet, 

LDL-lowering 

(1 mmol/I) 

With ACS 

statins should be 

drug therapy. 

Triglyceride 

LDL <70 

considered, 

For triglyceride 

<190 mg/dl 

mg/dl is 

especially if 

>500 mg/dl 

(<5 mmol/l) 

reasonable 

HDL <40 mg/dl. 

eventually 

In case of 



fibrate 

Triglyceride 



or niacin. 

>200 mg/dl, 




non-HDL-C 




should be 




<130 mg/dl 




Sedentary lifestyle: 

30-60 min moderately intensive activity 

five times weekly 

Goal: Minimally 

(walking, jogging, bicycling, or other 

arduous activity) 

30 Min. activity 

supports an active lifestyle; going for 

a walk during 

at least 5 times 

work breaks, climbing stairs rather than taking elevators, 

weekly, better 

gardening. Medically supervised program for mid to 

7 days/week 

high-risk patients (coronary exercise ; 

groups). 


The heart rate during physical activity should always 
be kept in predetermined non-ischemic and 
asymptomatic ranges. Every physical activity beyond 
normal daily activity carries a beneficial effect. 


Elevated blood 
pressure: 

Coal of 

<140/90 mm Hg, 
in diabetes II 
<130/80 mmHg 


Lifestyle modification: Weight control (1 kg weight 
reduction leads to 2 mmHg blood pressure decrease), 
regular aerobic activity, permanent limitation of alcohol 
consumption to <30 g alcohol/day (women <20 g/day), 
salt restriction. Supplementation with blood pressure 
medication, individualized by age and other 
conditions (/3-blockade, ACE inhibitors), when blood 
pressure >140 systolic or >90 diastolic. 


Aggregation inhibitors ASA 75-162 mg/day. Post CABG, ASA 100-325 mg/d 

within 48 h post-op. Additional Clopidogrel 75 mg/d 
with ACS and after PCI for 12 months in combination 
(>1 month for bare metal stent, >3 months for 


( Continued) 
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Table 5. (Continued) 


Goal of Risk 
Intervention 

Recommendations 


Sirolimus-eluting stent and >6 months for 
paclitaxel-eluting stent. Eventually higher ASA dose 
to 325 mg/d. Anticoagulation with INR goal 2-3 
after infarct, when indicated (atrial fibrillation, 
thrombus). 

ACE-Inhibitors 

after infarct 

For prevention and treatment of heart insufficiency with 
limited ventricle function (EF <40%). For prevention of 
coronary events in diabetics and patients 
with elevated risk. 

/3-blocker 

In all patients after myocardial infarct, ACS or 
left ventricular dysfunction, exertional 
ischemia — with regard to the usual contraindications. 
Or when ACE inhibitors are contraindicated. 

Estrogen 

While the introduction of hormone replacement therapy 
cannot be recommended during secondary prevention, 
prior hormone replacement therapy under 
gynecological supervision for at least two years 
can be continued. 

Other measures 

No secondary effect is proven for measures 
not pointed out in these recommendations, 
such as vitamins and antioxidants. 


General 

Through the implementation of secondary preventive measures, an 
improvement in prognosis and flight performance of patients with 
coronary artery disease can be demonstrated. This is where the 
patients have the possibility to actively influence their disease. 
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Chapter 13 


Cardiac Valve Disease/Valve Replacement 


Isle Janicke* 


ICAO Standards and Recommended Practices: The applicant shall 
not possess any abnormality of the heart, congenital or acquired, 
which is likely to interfere with the safe exercise of the applicant's 
license and rating privileges. There shall be no significant functional 
nor structural abnormality of the circulatory system. 

Medical Requirements (JAR-FCL 3): Applicants with significant 
abnormality of any of the heart valves shall be assessed as unfit. 
Applicants with minor cardiac valvular abnormalities may be 
assessed as fit by the AMS. Unidentified cardiac murmurs shall 
require evaluation by a cardiologist acceptable to the AMS and 
assessment by the AMS. If considered significant, further investigation 
shall include at least 2D Doppler echocardiography. Applicants with 
implanted mechanical valves shall be assessed as unfit. Asymptomatic 
applicants with a tissue valve who at least 6 months following surgery 
shall have satisfactorily completed investigations which demonstrate 
normal valvular and ventricular configuration and function may be 
considered for a fit assessment by the AMS. 

HEART MURMURS] 

50% of all healthy hearts have heart murmurs, most easily heard in 
young, thin individuals. One must differentiate between functional 

* Herzzentrum, Kaiser-Wilhelm-Krankenhaus, GerrickstraBe 21, D-47137 Duisburg, 
Germany. 
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heart murmurs in hyperdynamic conditions (pregnancy, tachycardia, 
anemia), which are accidentally discovered but prognostically favor¬ 
able, and pathological heart murmurs caused by disease. Murmurs 
without organic origin are typically heard in early-midsystole 
and found at the left parasternal border, ending before the second heart 
sound, low in frequency, short and soft (1/6 to 2/6 = soft, but immedi¬ 
ately audible), do not radiate and vary with position and activity. They 
usually arise from the aortic or pulmonic outflow tracts. Pansystolic, late 
systolic, diasystolic, and continuous murmurs almost always have 
organic origins and must be further evaluated by a cardiologist. 

In a first-time applicant, it is wise to have a heart murmur evalu¬ 
ated by a cardiologist with a very sensitive 2D-Doppler echocardio¬ 
gram before the applicant embarks on expensive training. This is 
imperative in 3/6 systolic ejection murmurs and even more so when 
associated with ECG changes. 

AORTIC VALVE 
Bicuspid Valve 

Medical Requirements (JAR-FCL 3): Bicuspid aortic valve is accept¬ 
able without restriction if no other cardiac or aortic abnormality is 
demonstrated, but requires biannual review with echocardiography. 

The bicuspid aortic valve is the most common congenital heart 
valve abnormality, found in 1-2%, following mitral valve prolapse. It 
occurs more commonly in men than in women and is more suscep¬ 
tible to endocarditis. Frequently accompanying congenital abnor¬ 
malities are the patent ductus arteriosus (Botalli) and aortic 
coarctation, which can easily be determined by bilateral Doppler 
pressure measurements of the arms and legs at rest and after exertion. 
The risk of an aortic dissection appears to be elevated, particularly 
with coexisting aortic dilatation (>4.0 cm). A lesser grade of aortic 
root dilatation can be compatible with medical certification. In this 
congenital fusion of two commissures with turbulent flow, 30% 
develop secondary calcified aortic stenosis, 30% develop aortic 
insufficiency,whereas the rest develops no changes. 
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Significant stenosis or insufficiency usually develops in 
the fifth decade of life and can be identified in time with annual 
echocardiography. 

Aortic Stenosis (AS) 

Medical Requirements (JAR-FCL 3): Aortic stenosis (left ventricular func¬ 
tion must be intact) with a mean pressure gradient of up to 20 mmHg 
may be assessed as fit. Those with a mean pressure gradient above 
20 mmHg but no greater than 40 mmHg may be assessed as fit for 
Class 2 or Class 1 OML limitation. A mean pressure gradient up to 
50 mmHg may be acceptable, at the discretion of the AMS. Follow-up 
with 2D Doppler echocardiography will be determined by the AMS. 

Aortic stenosis is the most common primary organic heart defect 
in adults in central Europe; it is more common in men than in 
women. Secondary calcified bicuspid aortic stenosis occurs most 
often and manifests itself in the fourth to fifth decade of life. In indi¬ 
viduals over the age of 70, senile degenerative calcified aortic steno¬ 
sis predominates, predisposed by diabetes mellitus, hypertension, 
and hyperlipidemia. Rheumatic aortic stenosis rarely appears iso¬ 
lated and is decreasing in frequency. The normal aortic valve open¬ 
ing area is between 2.6-3.5 cm 2 , corresponding to a flow velocity of 
0.9-1.8 m/s (assuming a normal cardiac output) according to the 
guidelines of AHA-Task Force Report 2006.’ 


AS 

Surface Area 

Velocity 

Mean Pressure 

Mild 

>1.5 cm 2 

< 3 m/s 

< 25 mmHg 

Moderate 

1-1.5 cm 2 

3-4 m/s 

25-40 mmHg 

Severe 

< 1.0 cm 2 

> 4 m/s 

> 40 mmHg 


Individuals with mild and moderate aortic stenosis are usually 
asymptomatic for a long time; if so, the prognosis is very good and 
the rate of sudden cardiac death is <1 %. 
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The typical symptoms of angina pectoris, left heart insufficiency, 
and syncope, appear more often when valve surface areas are less 
than 1.0 cm 2 , and without surgical correction are associated with a 
worse prognosis (sudden cardiac death 15-20%). Severe aortic 
stenosis is associated with microemboli causing cerebral vascular 
accidents. 

Examination 

Pilots will not necessarily admit to typical symptoms. Auscultation: 
at least medium strength, rough, low frequency 3/6 systolic ejec¬ 
tion murmur (can even be sensed by a hand on the chestwall) with 
a crescendo-decrescendo characteristic, best heard at the right 
second intercostal space in sitting position and during exhalation, 
radiating into the carotids. The louder the systolic murmur and 
the later the maximum intensity, the worse the aortic stenosis. 
Volume can decrease with critical aortic stenosis or worsening 
heart function. 

ECG: ST-T changes can develop prior to signs of left ventricular 
hypertrophy (LVH). Signs of LVH (left axis deviation, positive 
Sokolow-Lyon-index) are present in 85% of severe AS. T wave inver¬ 
sions appear in moderate to severe stenosis (Fig. 1). It should be 
noted that ECG progression over time to LVFH and ST-T wave changes 
are a sign of increasing stenosis. 

Stress ECG testing is not contraindicated in asymptomatic indi¬ 
viduals. It requires evaluation of exercise capacity, blood pressure 
response (decreasing), and stress induced symptoms. 

2-D Doppler echocardiography has a key function in the diagnosis 
of aortic stenosis. It provides: morphological assessment of valve, 
LV-hypertrophy (>11 mm), LV function, reliable determination of 
pressure gradients and valve opening area and, if necessary, planime¬ 
try of the valve opening area and the transvalvular flow velocity. An 
erroneous high gradient can be measured in situations with a high 
cardiac output. Severe aortic stenosis exists with a P mean > 40 
mmHg (P max. > 80 mmHg). This correlates well with invasively 
measured values. 
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Figure 1 . ECG in severe aortic stenosis. 


Cardiac MRI: If the echocardiogram is ambiguous due to poor 
acoustic quality, an MRI should be undertaken. 

Cardiac catheterization is indicated in case of significant aortic 
stenosis or symptoms not yet associated with significant aortic steno¬ 
sis for further therapeutic determination (associated with CAD?). 

Therapy: If the AS is asymptomatic in spite of being hemo- 
dynamically significant and the LV function is good, surgery is not 
absolutely indicated as the natural risk is lower than the peri-/postop- 
erative risk. Nonetheless, there are disqualifications that can be lifted 
following appropriate surgery (see below), allowing restricted certifi¬ 
cation. Indications for surgery in the asymptomatic state include but 
are not limited to: reduced LV function, accompanying CAD, ventric¬ 
ular tachycardia, and excessive LV hypertrophy >15 mm. In single 
valve replacement, the in-hospital mortality rate is 1.5-5.6%. Aortic 
valvuloplasty is associated with a high restenosis rate, a severe 
complication that may lead to disqualification in the long run. 
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Prognosis: The most important predictors of a cardiac event are 
the maximal flow velocities across the aortic valve, determined by 
Doppler echo, with normal cardiac output: 

• <3.0 m/s: in the next five years, no cardiac events are anticipated 

(< 1 %). 

• 4 m/s: 50% probability of symptoms or death within the next two 
years. 

• 3-4 m/s: intermediate probability of the development of the 
symptoms. 

The symptoms are an increase in left ventricular hypertrophy, 
decrease in LV function, increase in mean pressure gradient 
>50 mmHg, significant ECC changes, and evidence of cerebral 
emboli. These symptoms entail definitive disqualification for all classes 
of medical certification. 

Aortic Valve Insufficiency 

Medical Requirements (JAR-FCL 3): Aortic regurgitation may be 
acceptable for unrestricted certification only if trivial. There shall be no 
demonstrable abnormality of the ascending aorta on 2D Doppler 
echocardiography Annual review shall be carried out by a cardio¬ 
logist acceptable to the AMS. 

In 70% of the cases, chronic aortic insufficiency (Al) is due to 
disease of the aortic valve (bicuspid aortic valve, endocarditis and 
other inflammatory diseases, post-rheumatic fever, etc.); the remain¬ 
ing 30% are due to diseases of the aortic root (aneurysm, dissection, 
connective tissue disorder such as Marfan's syndrome, arthritis dis¬ 
orders like Reiter's disease, Bechterew's disease, lupus, rheumatoid 
arthritis, etc.). 

The increased stroke volume, caused by regurgitation, leads to 
left ventricular overload, later to exertional hypertrophy and dilata¬ 
tion with reduction in LV function, initially during exertion, later also 
at rest. 

Individuals with chronic Al are often asymptomatic for many 
years, until exertional dyspnea is reached. A high blood pressure 
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amplitude (cannonball pulse) is typical in moderate to severe Al. If 
the diastolic blood pressure is reduced (softening of the Korotkoff 
sounds) and/or pulsatile phenomena exist (such as visible capillary 
pulse following fingernail pressure), then significant Al and, conse¬ 
quently, a disqualifying condition exists. 

Auscultation: During the diastole, a high frequency "blowing" 
decrescendo murmur is best heard at the left third intercostal space 
in patients leaning forward. Every murmur in a pilot must be evalu¬ 
ated with echocardiography. 

ECG is not a good predictor for significant organic heart defect or 
LV hypertrophy. Findings may include left to extreme left axis devia¬ 
tion, accentuated Q-waves as expression of volume hypertrophy, 
evidence of left ventricular hypertrophy, inverted T-waves (developing 
late), and non-specific intraventricular conduction delay. 

2D-Doppler echocardiography may provide proof of Al and indi¬ 
cation of severity with high sensitivity and specificity, if interpreted 
by experienced cardiologists. Determination of the etiology of Al is 
usually possible with trans-esophageal echocardiography. Dilatation 
of the ascending aorta >40 mm is incompatible with medical certifi¬ 
cation. In the event of poor echo windows or discrepancy between 
clinical signs and echocardiography, a radionuclide ventriculography 
or cardiac MRI examination must be added. 

The systolic LV size and function, which is determined by serial 
echocardiographic examinations, is decisive for the prognosis in the 
asymptomatic stage. An ejection fraction <50% and an end-systolic 
left ventricular diameter >55 mm (parasternal) indicates an unfavor¬ 
able prognosis. In the presence of LV dysfunction, 25% of cases 
develop symptoms each year, and valve replacement is usually 
necessary two to three years later. The time for invasive diagnostics 
and surgery has arrived. A slight enlargement of the end-diastolic LV 
diameter in the setting of normal end-systolic diameter is compatible 
with certification, limited to OML Class I (JAR-FCL3). A parasternal 
end-diastolic LV dilatation >60 mm leads to disqualification. 

The prognosis is very good for asymptomatic individuals with 
chronic Al and a normal LV function, as mortality is only 0.2% per 
year. If there is evidence of LV functional disorders, the mortality is 
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1.3% per year. In case of an EF <50% and heart insufficiency, dis¬ 
qualification should stand and further diagnostics be undertaken, due 
to the significantly elevated mortality. 

Medical therapy: In the case of mild Al without LV dilatation 
other than from endocarditis, no specific therapy is indicated. 
Definitive recommendations for vasodilatation in mild to moderate 
asymptomatic aortic insufficiency and normal LV function cannot be 
determined on the basis of available data. Because of the increase of 
regurgitation in the setting of increased diastole, b-blockers are not 
helpful. 


MITRAL VALVE 
Mitral Stenosis (MS) 

Medical Requirements (JAR-FCL 3): Rheumatic mitral valve disease 
shall normally be assessed as unfit. 

The normal mitral valve area is in the range of 4-5 cm 2 . An area 
between 2.5 cm 2 and 1.5 cm 2 indicates mild mitral valve stenosis. 
Symptoms (dyspnea) can appear during stress or physiological load. 
The most common cause of acquired mitral stenosis is rheumatic 
fever 10-30 years earlier and frequently not remembered, affecting 
females in two-thirds of the cases. In asymptomatic or minimally 
symptomatic individuals, the survival rate is >80% in 10 years. 

Significant flight safety problems include systemic emboli 
(endocarditis or intermittent atrial fibrillation), which develops in 
20% of cases and is lethal in 10-15% (high relapse rate), and atrial 
fibrillation (up to 50%). The latter can be the initial symptom 
of mitral stenosis and is a result of the elevated left atrial pressure. 
This abruptly leads to a decrease in cardiac output of 20%, to 
pulmonary edema, and often causes emboli, which, among other 
things, can cause syncope. Eventually this leads to permanent 
disqualification. The diagnosis of MS is determined by the history, 
typical auscultory findings in the left lateral decubitus position (loud 
first heart sound, mitral opening sound after the second heart sound, 
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followed by a low frequency diastolic murmur, chest X-ray, and ECC 
(biphasic P-wave in lead II, atrial fibrillation, later right axis devia¬ 
tion). 2D-Doppler echocardiography provides direct evidence of MS 
with dependable gradation and determination of mitral valve area, 
on the basis of highly reproducible morphological, functional, and 
hemodynamic parameters. For hemodynamic evaluation of mild 
MS, a dynamic stress echocardiography is reasonable, among other 
studies. Applicants with a mild mitral stenosis (mitral valve area 
>2.0 cm 2 and continuous sinus rhythm may be assessed as fit at the 
discretion of the medical assessor. A 72-hour Holter monitor serves 
to rule in or rule out intermittent atrial fibrillation, which can lead 
to disqualification. 

Therapy: In mild, asymptomatic MS and sinus rhythm, there is 
no specific therapy. Atrial fibrillation, emboli, and atrial enlarge¬ 
ment (>55 mm measured parasternally), are indications for anti¬ 
coagulation with warfarin or phenprocoumon, which per se is 
disqualifying. For interventional and operative therapies of mitral 
stenosis from a perspective of flight fitness, please see the section on 
Valve Surgery. 

Mitral Valve Prolapse (MVP) 2 

Medical Requirements (JAR-FCL 3): Asymptomatic applicants with 
isolated mid-systolic click may need no restriction. Applicants with 
uncomplicated minor regurgitation may need to be restricted to 
multi-pilot operations, as determined by the AMS. Applicants with 
evidence of volume overloading of the left ventricle demonstrated by 
increased left ventricular end-diastolic diameter shall be assessed as 
unfit. Periodic review and assessment as determined by the AMS is 
required. 

Mitral valve prolapse (synonyms: Barlow-syndrome, mid-systolic 
click/late-systolic murmur syndrome, floppy valve syndrome, etc.) 
variously prolapses a portion of one or both mitral leaflets during ven¬ 
tricle systole over the mitral valve ring level into the left atrium. MVP 
syndrome is defined when other symptoms exist simultaneously. 
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Primary etiology: Along with mucopolysaccharide acid storage 
disease, the enlarged mitral leaflet leads to a thickening of the leaflets 
and destruction of the mitral ring = myxomatous valve degeneration. 
It is often familial (25-50%), with possible associations with Marfan, 
Ehlers-Danlos syndrome, WPW (pre-excitation), skeletal abnormali¬ 
ties (pectus excavatum, flat chest, ectomorphic habitus, high palate, 
long arms, hyperflexive joints), hypertrophic cardiomyopathy, 
migraine, congenital QT syndrome, and other congenital cardiac 
anomalies. 

Secondary etiology: Atrioventricular tissue is pathomorphologi- 
cally inconspicuous, such as with CAD, ischemia, rheumatic dis¬ 
eases, cardiomyopathy, myocarditis, LV dilatation, etc. With regard to 
aeromedical relevance, close attention should be paid to primary 
or idiopathic MVP, as this condition is often not discovered during 
normal examinations. 

Prevalence: Between 20 and 60 years of age, the prevalence 
is 1-2.5%. Often the diagnosis is made in older patients and may 
be due to questionable echocardiographic criteria. Individuals with 
mild to moderate ballooning of one or both thickened mitral leaflets 
(in four-chamber views) with normal coaptation points and with 
physiological or absent mitral insufficiency should be considered 
healthy (Fig. 2). 

Symptoms: Most patients with MVP are asymptomatic. Possible 
symptoms are uncharacteristic non-exertional chest pains, 
easy fatigability, dyspnea, dizziness, syncope, and unspecified 
palpitations. 

ECC: Nonspecific ST changes and T wave inversions in II, III, 
aVF, and left lateral leads, PVC's and PAC's, supraventricular tachy¬ 
cardia, associated with QT prolongation, and WPW (Fig. 3). 

Mitral valve prolapse usually carries a good prognosis (cardiac 
events <1 %/year). There is a sub-group of individuals that carries a 
higher risk of cardiac events. From an aeromedical perspective, 
because of increased complications in the long run, these need to 
be identified. Echocardiography plays a key role in identifying them. 
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Figure 2. Mitral leaflet position in normal and in mitral leaflet prolapse subjects. 

The posterior leaflet rises above the level of the valvular ring by over 2 mm. 

The following abnormalities necessitate particular observation and 

evaluation: 

1. Auscultatory mid-systolic clicks and late systolic murmurs —> 
inspection: distinctive skeletal features, marfanoid habitus, fam¬ 
ily history —> echocardiography in two Doppler planes: in case of 
overlapping of leaflets directed to LA of at least 2 mm and leaflet 
thickening >5 mm, documented mitral insufficiency, lengthened 
leaflet cords and ring dilatation, aortic valve and tricuspid valve 
prolapse (25-50%) should be considered. LV diameter measure¬ 
ments should be less than 60 mm at end-diastole. 

Echocardiography should be repeated annually, and the 
aeromedical disposition should be made in consultation with the 
medical assessor of the Licensing Authority. Significant enlarge¬ 
ment of the left ventricle is disqualifying. 
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Figure 3. Preterminal negative T in II, III and aVF in Mitral leaflet prolapse. 


2. If MVP has been diagnosed and resting ECC shows pathology 
with prolonged QT interval, T wave inversions or ST segment 
abnormalities inferiorly and laterally, ventricular arrhythmia and 
sudden cardiac death are more common (around 1% per year, 
frequently in the familial form). As simultaneous CAD is possible, 
pilots should be further evaluated with examination of function 
and, if necessary, coronary angiography and 72-hour Holter mon¬ 
itoring. ECC changes can often be normalized with b-blockers. 

3. Stress ECG testing is false positive in 50% of cases. Currently 
even scintigraphy can be false positive. Consequently, liberal use 
of coronary arteriography is indicated. 
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4. Symptoms are palpitations, dizziness, syncope, and arrhythmia 
(atrial and ventricular extrasystoles — accessory pathways are 
often not recognizable on ECG), and AV nodal reentry tachycar¬ 
dias. VT and VF as etiologies of sudden cardiac death are possi¬ 
ble with an estimated frequency of 1.9 per 10 000 patient-years, 
but the true incidence is unclear. 

72-hour ECG, showing ventricular and supraventricular 
tachycardia, may possibly necessitate electrophysiological evalu¬ 
ation and ablation, after which recertification is possible. With 
a normal ECG, the risk of sudden cardiac death is very low. 
b-blockers reduce symptoms. 

5. Chest pain is often atypical with sub-mammary location, non- 
exertional, and lasting longer than angina pectoris. 

CAD should be ruled out. b-blockers reduce symptoms. 

6. Embolic events such as TIA, stroke, and amaurosis fugax occur 
with a rate is 4% in six years. In cases with myxomatous valve 
changes, fibrin emboli are particularly common. Lesions in cra¬ 
nial CT and larger emboli are permanently disqualifying. Normal 
CCT with absence of embolus source and thin mitral leaflets in 
trans-esophageal echo-cardiography may be compatible with 
restricted certification (OML/OSL), as long as it is related to TIA 
or amaurosis fugax and the applicant has been treated with 
thrombocyte inhibitors (ASA or clopidogrel) for six months with¬ 
out any further embolic events. 

7. Mitral valve insufficiency: Clinical manifestation of Ml (mitral 
insufficiency) in MVP usually occurs in the third to fourth 
decade, and a significant Ml (> Grade III, progression 15% in 
15 years), which usually is due to the rupture of the chordae 
tendineae or the development of atrial fibrillation, is disqualifying. 
Men >50 years of age and those with marfanoid habitus are 
particularly affected. 

Annual echocardiography is indicated and should be carried 
out by an experienced cardiologist. Significant Ml entails unfitness 
for all classes of certification. If valve surgery is considered, mitral 
valve reconstruction should be preferred, so that future certifica¬ 
tion may become possible. 
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Definitive mitral valve prolapse is not compatible with military fly¬ 
ing. If the diagnosis is made after military training has begun, full flying 
status is allowed provided the prolapse is minimal and asymptomatic 
and ECG is normal. In such cases, full certification is also possible for 
civilian pilots. Moderate prolapse requires limitation to OML. 
Acceleration >+2.5 G and Valsalva maneuvers should be avoided. 

Mitral Insufficiency (Ml) 

Medical Requirements (JAR-FCL 3): see mitral valve prolapse. 

The most common causes of chronic mitral valve insufficiency are 
mitral valve prolapse and inflammatory valve diseases (i.e. bacterial 
endocarditis, rheumatic endocarditis, Libman-Sacks endocarditis). 
Rheumatic Ml is disqualifying. Secondary mitral valve insufficiency 
appears in all dilatative diseases of the left ventricle (CAD, ischemia 
of the papillary muscles, cardiomyopathy, and congenital aortic 
diseases, which are disqualifying per se). 

Diagnosis: Leading symptoms are exertional dyspnea and per¬ 
formance limitations. Rapid atrial fibrillation worsens these symp¬ 
toms and is disqualifying. Diagnosis is made by auscultation (high 
frequency, holosystolic ejection murmur immediately following the 
first heart sound, best heard over the apex, radiating into the axilla), 
ECG (prolonged P wave, left hypertrophy etc.). Chest X-ray and 2D- 
Doppler echocardiography allows direct observation of Ml and semi- 
quantifiable evidence of the etiology of the insufficiency (prolapse, 
vegetations, cardiomyopathy, rupture of chordae tendineae and 
papillary muscle), determination of LA/LV size and systolic LV function, 
and estimation of pulmonary artery pressure. 

Aeromedical Disposition 

1) Asymptomatic individuals who meet the following criteria may 
be certified: 

a) mild Ml, LV not enlarged (end-systolic <45 mm parasternal) 

b) no evidence of LV dysfunction (EL > 60%) 

c) no evidence of pulmonary hypertension 
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d) sinus rhythm on ECG 

e) symptom limitations on graded exercise testing to Bruce Stage IV, 
and no other health problems exist. 

Cardiological evaluations with echocardiography, stress ECG 
testing and Holter monitoring are required every six to 12 months. 
Limitation to OML for Class I is necessary. 

2) More than minimal grade Ml, non-rheumatic in origin, may carry 
the limitation "only with safety pilot," OSL. 

3) Significant (even asymptomatic) Ml, equal to or greater than 
Grade III, with volume overload of the left ventricle, enlarged 
end-diastolic left ventricular diameter (>60 mm) and/or end- 
systolic diameter >40 mm and/or post-transient ischemic attack, 
is disqualifying for all classes of medical certification. 

4) The decision when to operate in the asymptomatic state is diffi¬ 
cult. In cases where the disease is worsening, surgery to maintain 
valve function should be made early on to increase the possibility 
of recertification. Decisive predictors for post-operative prognosis 
is the pre-operative ejection fraction. With a significant Ml, the 
LV should be hyperkinetic. 

A normal EF with a significant Ml indicates LV dysfunction. In 
the asymptomatic state, surgery is indicated in patients in NYEHA a 
classes I and II with significant Ml, EF < 60%, and end-systolic 
diameter of >40 mm. 

5) The type of valve surgery that can be recommended and which is 
compatible with flight certification is discussed in the following 
section. 

VALVE SURGERY 

Medical Requirements (JAR-FCL 3): Applicants with implanted 
mechanical valves shall be assessed as unfit. Asymptomatic appli¬ 
cants with a tissue valve (or valve reconstruction) who at least six months 
following surgery shall have satisfactorily completed investigations that 


a NYHA: New York Heart Association. 
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demonstrate normal valvular and ventricular configuration and 
function may be considered for a fit assessment by the AMS, as 
judged by: 

• a satisfactory symptom limited exercise ECC to Bruce Stage IV 
or equivalent, which a cardiologist acceptable to the AMS inter¬ 
prets as showing no significant abnormality. Myocardial scinti¬ 
graphy/stress echocardiography shall be required if the resting 
ECC is abnormal and any coronary artery disease has been 
demonstrated; 

• a 2D Doppler echocardiogram showing no significant selective 
chamber enlargement, a tissue valve with minimal structural 
alterations and normal Doppler blood flow, and no structural nor 
functional abnormality of the other heart valves. Left ventricular 
fractional or shortening shall be normal; 

• the absence of requirement for cardioactive medication; a follow 
up with annual cardiologic review by a cardiologist acceptable to 
the AMS with exercise ECC and 2D Doppler echocardiography. 

A Class I fit assessment shall be limited to multi-pilot operation 
(Class I OML). A fit assessment for Class 2 applicants may be appli¬ 
cable without a safety pilot ("OSL"). 

Valve Reconstruction 

The possibility of reconstructive surgery should not be withheld from 
the pilot who is considering recertification in cases such as AV valve 
insufficiency and aortic valve insufficiency. The medical assessor 
together with an accredited cardiologist should identify a qualified 
center with significant experience in valve reconstruction. On the 
basis of the anatomy, restoration of insufficient tricuspid and mitral 
valve performance is possible. Certain morphological changes are 
particularly suitable for surgical correction (e.g., MVP, chordae 
tendineae rupture, perforation of the mitral leaflet, rheumatic Ml in 
children and youths, dilatation of the mitral annulus, etc.). In spe¬ 
cialty centers, even aortic valve reconstruction is possible with 
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increasingly good outcomes, especially in case of insufficient bicus¬ 
pid aortic valves or aortic insufficiency due to aortic root dilatation. 

Mitral valve reconstruction with or without suturing an artificial 
valve ring into place (annuloplasty, valvuloplasty) is surgically 
sophisticated and only possible if no extensive deformation, calcifi¬ 
cation, or destruction of the valve apparatus exists. It carries a good 
long-term outcome and is compatible with medical certification 
under the proviso that no relevant mitral regurgitation exists, that the 
left atrial appendage is operatively ligated (source of emboli), the 
applicant is in sinus rhythm, is six months post-operative, and 
the valve is demonstrated to be stable by echocardiography. 

Young patients with degenerative or rheumatic mitral insufficiency 
and normal left ventricular ejection fraction without atrial fibrillation 
profit the most from valve reconstruction, because the surgery is per¬ 
formed before irreversible myocardial damage takes place. 
Preservation of subvalvular mitral valve apparatus leads to improved 
post-operative LV function and a more favorable life expectancy. The 
main advantage, in contrast to valve replacement, is the lower rate of 
embolism (<0.8% per year) and that anticoagulation is unnecessary 
in the majority of cases. The rate of infectious endocarditis corre¬ 
sponds to the acquired mitral valve disorder, necessitating corre¬ 
sponding endocarditis prophylaxis for dental, gastrointestinal, and 
urogenital operations. The incidence of second operations in mitral 
valve prolapse syndromes approximates 1.6% per year. The 10-year 
survival rate on average is above 90%. 

Percutaneous balloon valvuloplasty for mitral valve stenosis usu¬ 
ally comes into question with rheumatic MS only. On the basis of the 
high rate of abrupt onset of atrial fibrillation and cerebral embolism, 
this diagnosis perse entails permanent disqualification. 

Bioprostheses (Fig. 4) 

Since 1965, the bioprostheses in use include: 

• Xenografts (= Heterograft): Prostheses derived from denatured 

porcine aortic valves, supported by stents (e.g. Hancock, 
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SJM stent mounted Porcine stentless tissue valve 

bioprosthesis 


Figure 4. Different tissue valves. 

Carpentier Edwards Bioprosthesis with suture annulus and metal 
support). 

• Homografts (= Allograft): Cryo-conserved aortic valves from 
human cadavers, without sewing flange and metal support (lim¬ 
ited availability, technically difficult surgery). 

• Bovine pericardial bioprosthesis: (Lonescu-Shiley prosthesis), 
seldom involves structural valve destruction as with above- 
mentioned xenografts (after 1 5 years 77% are functional). 

• Autografts: Autotransplantation of the patient's own pulmonic 
valve in aortic position, pulmonic valve replaced by homograft or 
heterograft (Ross procedure with excellent survival rate and good 
hemodynamic features). 

• Heterografts (without metal supports): Stentless with better char¬ 
acteristics, better prognosis, such as (Medtronic®, SJM ®). 

The hemodynamic characteristics and the valve areas of all valve 
prostheses are, without exception, not as good as those of natural 
valves, especially with regard to parabolic flow profile. The flow 
characteristics consist of a more or less significantly pronounced jet 
flow with turbulent shear forces and dead water zone with problems 
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mentioned below. The shear forces near the walls in bioprostheses 
are in general lower than in mechanical prostheses, except for the 
St. Jude Medical bileaflet valve prosthesis. 

Aeromedically Relevant Characteristics of Bioprostheses 

• Bioprostheses are less thrombogenic than mechanical valves. The 
incidence of thromboembolic complications per 100 patient 
years nonetheless amounts to 0.5-4.4, with aortic bioprostheses 
to only 0.6-1.5 per 100 patient years. Anticoagulation is only 
required during the first three months post-operatively; thereafter, 
lifelong treatment with 100 mg ASA daily is required. 

• All bioprostheses are prone to more or less rapid degeneration 
from calcification. Consequences are stenosis and insufficiency, 
sudden tears of portions of valves, paravalvular leaks, and sus¬ 
ceptibility to vegetations. The degree of degeneration correlates 
to time from implantation, and is worse in the mitral valve with 
young patients and with increased calcium metabolism. Second 
surgery after 10 years is needed in 20-30% of cases. Only 15% 
of aortic homografts will need re-operation after 10 years, 3 so that 
homografts should be given preference in pilots who are usually 
under 70 years of age. 

• The risk of endocarditis is elevated; the cumulative risk after five 
years lies between 3 and 6%. 

Implications for Pilots 

The aortic prosthesis of first choice should be the one with the low¬ 
est complication rate. Longest durability has the stentless homograft 
prosthesis, but its availability is the limiting factor. After implantation 
of a Carpentier Edwards bioprosthesis, Hancock bioprosthesis or 
comparable prosthesis, certification may be considered under certain 
circumstances as described above. After implantation of a mitral bio¬ 
prosthesis, aeromedical certification must be critically evaluated 
with focus on durability and embolism rate. Slowly progressive 
degeneration of the bioprosthesis will have the above-mentioned 
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consequences and echocardiographic evaluations must be con¬ 
ducted, initially annually and after the fifth post-operative year semi¬ 
annually, in some cases complemented with trans-esophageal 
echocardiography. Comparison with earlier post-operative echo¬ 
cardiographies is very helpful, particularly as the course of pressure 
gradients over time provides information about the function of the 
prosthesis. An embolic event entails permanent disqualification. 

Pilots with organic heart defects necessitating surgery should 
receive good preoperative advice. From a purely medical perspective, 
younger and middle-aged patients are less suitable for implantation 
of a bioprosthesis because of its tendency to degenerate. Usually sec¬ 
ondary surgery will later become necessary and it carries a high mor¬ 
tality rate. With mechanical prostheses, on the other hand, permanent 
disqualification is unavoidable due to the necessary anticoagulation. 

MECHANICAL HEART VALVES 

Medical Requirements (JAR-FCL 3): Applicants with implanted 
mechanical valves shall be assessed as unfit. Systemic anticoagula¬ 
tion therapy is disqualifying. 

The reasons for unfitness are the rate of thrombosis and thrombo- 
emboli and a significant risk of bleeding due to anticoagulation treat¬ 
ment with phenprocoumon/warfarin/coumadin, which is permanently 
necessary and is the cause of 75% of the complications following valve 
replacement. Mechanical prostheses (metal, carbon, or polyester) vary 
by the valve mechanism and the hemodynamics. The danger of throm¬ 
bosis is greatest with tricuspid valves and least with aortic valves. 

The oldest mechanical heart valves, the Starr-Edwards ball and cage 
and the Bjork-Shiley tilting-disk, which were introduced in the 1960s, 
are permanently disqualifying for all valve positions, due to their high 
thromboembolism rate and unfavorable hemodynamics. 

Significant reduction in thrombogenesis was achieved with the 
introduction of the currently utilized heart valves made from pyrolite. 
The widely used third type of mechanical prosthesis, the bileaflet 
valve prosthesis, has a particularly favorable flow profile (somewhat 
better than bioprostheses) and the lowest gradient. The most reliable 
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and least problematic is the St. Jude-Medical Prosthesis (SJM), which 
was introduced in 1977 and today (2008) is the most commonly used 
artificial heart valve with over 800 000 implantations. 

In the long run, isolated SJM replacement is in one study 4 stated 
to have a rate of thrombosis, thromboembolism, and significant bleed¬ 
ing of less than 1%. The incidence of thromboembolism/100 patient- 
years is 0.6-0.7% for aortic position and 0.9-3.9% for mitral position. 
The bleeding rate from anticoagulation is additional. The optimal 
anticoagulation for SJM prosthesis for aortic position lies in the 
INR (international normalized ratio) range of 2.7-2.8, and for mitral 
position, 2.9-3.1. The reduction of the level of anticoagulation and 
the introduction of INR-determinations, (with the advent of compa¬ 
rable, laboratory independent measurements instead of the PT) has 
reduced the risk of bleeding from anticoagulation. It is now about 
1-2% per patient/year, highest in the first months of therapy. The 
amount of bleeding complications could be further reduced through 
the introduction of INR self-testing and low dose anticoagulation 
after mechanical valve replacement (ESCAT Study = early self con¬ 
trolled anticoagulation trial). 5 In this study, the INR goal for aortic 
prosthesis is in the range of 1.8-2.8, and for mitral prosthesis, 
2.5-3.5. 76% of the measurements were in the therapeutic range, 
and the incidence of significant bleeding was 0.74% versus 1.2% 
with conventional anticoagulation, while the thromboembolic rate 
was very low at 0.18%. 6 The international guidance recommends 
permanent disqualification after mechanical valve replacement. In 
our opinion, this may not always be necessary; in very special indi¬ 
vidual cases with INR self-testing, restricted certification (OML or 
OSL) may be possible, as it is already practiced in the USA. 
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Cardiac Rhythm and Conduction 
Disturbances 


Reinhard H6ltgen* + and Marcus Wieczorek* 


ICAO STANDARDS AND RECOMMENDED 
PRACTICES (ANNEX 1 — PERSONNEL LICENSING, 

10 th EDITION, 2006) 

• 6.3.2.5.2 An applicant with an abnormal cardiac rhythm shall be 
assessed as unfit unless the cardiac arrhythmia has been investi¬ 
gated and evaluated in accordance with best medical practice 
and is assessed not likely to interfere with the safe exercise of the 
applicant's licence or rating privileges. 

• 6.3.2.6 Electrocardiography shall form part of the heart examina¬ 
tion for the first issue of a Medical Assessment. 

• 6.3.2.6.1 Electrocardiography shall be included in re-examinations 
of applicants over the age of 50 no less frequently than annually. 

• 6.3.2.6.2 Recommendation — Electrocardiography should be 
included in re-examinations of applicants between the ages of 
30 and 50 no less frequently than every two years. 

• Note I — The purpose of routine electrocardiography is case 
finding. It does not provide sufficient evidence to justify disqual¬ 
ification without further thorough cardiovascular investigation. 


* Corresponding author. 

+ Heart Center Duisburg, Clinic for Cardiology and Angiology, Herzzentrum 
Duisburg, Gerrickstrasse 21, 47137 Duisburg, Germany. 
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Atrial Fibrillation 

Atrial fibrillation (AF) is a common cardiac arrhytmia caused by dis¬ 
organized electrical activity in the atria, more often in the left with 
passive activation of the right atrium. Pathophysiologically, the left 
atrium is usually the initiator of the paroxysms, but the right atrium 
plays a role in the disarray. 3 

The majority of paroxysmal atrial fibrillations is initiated 
through foci in the pulmonary veins. High frequency focal electri¬ 
cal activity in these foci with conduction into the left myocardium 
along with simultaneous appearance of 4 to 6 micro-reentry cycles 
in the atria, leads to destabilization. Depending on the so-called 
atrial substrate (i.e., atrial size, degree of fibrosis, refractory times, 
etc.), spontaneous cessation of the paroxysms after variable 
latency periods is common. In case of solitary pulmonary vein foci 
where the atrial substrate to perpetuate the paroxysms is not avail¬ 
able, the paroxysms are typically of shorter duration but have 
a tendency to recur. If significant atrial dilatation coexists, for 
example as a consequence of hypertensive heart disease, the 
paroxysms tend to persist and lead to chronic or persistent atrial 
fibrillation. 3,18 

Epidemiology 

Atrial fibrillation is a rhythm disturbance which increases with age. 21 
Men are affected significantly more often than women. The inci¬ 
dence of chronic atrial fibrillation in men younger than 65 is 
between 1 and 2%. 27 

There are no good data regarding the frequency of paroxysmal 
atrial fibrillation. Patients with paroxysmal AF are typically younger 
than patients with chronic AF and are less likely to have a structural 
cardiac anomaly. 

The long time, usually years, between paroxysms is one reason 
that there are no reliable epidemiological data. The self-limiting 
nature of rhythm disturbances (within hours) is another. 
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Definitions 

Idiopathic atrial fibrillation: AF without an identifiable cardiac etiol¬ 
ogy. The cardiological diagnosis is without a pathological cause 
(ECC, echocardiogram, stress-ECC, if necessary cardiac angiogram). 
It is essential to exclude hyperthyroidism. Patients with idiopathic AF 
often have the above-mentioned pulmonary vein foci as documented 
by electrophysiological testing. 

Paroxysmal atrial fibrillation: Sudden onset of episodic AF which 
usually converts spontaneously after a variable period of time. 

Persistent atrial fibrillation: AF without spontaneous termination, 
although it can be terminated by cardioversion. 

Permanent atrial fibrillation: Chronic, continuous AF which can no 
longer be terminated. 

"Fone atrial fibrillation" exists, if no identifiable cause for the AF and 
also no structural defects can be found. 

Mechanisms which can lead to "sudden incapacitation " 
in atrial fibrillation 

Hemodynamic changes 

FHemodynamic changes may be less pronounced in the sitting (pilots) 
than in the standing positions. The sudden shift from a normal sinus 
rhythm to a rapid and irregular ventricular rhythm without mechanical 
atrial systole can, in individual cases, lead to significant hemodynamic 
changes with a sudden drop in systolic blood pressure and a simulta¬ 
neous rise in the left atrial pulmonary artery pressure. These hemody¬ 
namic changes are usually rapidly compensated by the autonomic 
nervous system through measurable adaptation responses, for example 
peripheral vasoconstriction. Failure or delay of adaptation responses 
can, in individual cases, lead to syncope or pre-syncope. In the sitting 
position (pilots), hemodynamic changes will be less pronounced. 

In AF, the acute hemodynamic compromise of a patient's cardio¬ 
vascular system is not correlated to the degree of cardiac disease. It is 
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often associated with a positive reaction at the tilt table test. 13,20 The 
abovementioned acute hemodynamic changes are usually observed 
during paroxysmal AF. These changes are less obvious in patients with 
chronic AF, though hemodynamic worsening of sinus rhythm can be 
documented and a decline in stress coping capacity is evident. 

Embolic complications 

The risk of thromboembolic complications in patients with AF (and 
atrial flutter) is primarily correlated with the patient's age and the 
degree of underlying structural cardiac abnormalities. Patients with 
chronic AF and patients with paroxysmal AF have a comparable risk 
of emboli as long as age and underlying etiology are identical. The 
most common clinical manifestation of a thromboembolic event is a 
cerebral insult with corresponding neurological deficits. Depending 
on the abovementioned clinical parameters, the risk of a neurologi¬ 
cal insult can be as high as 5% per year. 

In comparison with patients in sinus rhythm, patients with idio¬ 
pathic AF (paroxysmal or chronic) and younger than 65 do not have 
an increased risk of thromboembolism. Therefore, they do not require 
anticoagulation. 2 The risk of thromboembolism in all other patients 
with AF increases significantly after a period of two days, and is the 
highest in patients with a prior embolic event. 

The level of anticoagulation therapy is determined by the indi¬ 
vidual risk of embolic events due to AF: FHigh risk groups (prior 
emboli, mitral stenosis, valve prosthesis) should be effectively anti¬ 
coagulated with Marcumar (phenprocoumon) or Coumadin (war¬ 
farin) to a level of 2.0-3.0 (International Normalized Ratio — INR) in 
order to minimize the risk of thrombosis while accepting a bleeding 
risk of 3 to 10% per year. 

According to the ACC/AFHA/ESC Guidelines 2006 (European 
FHeart Journal 2006: 27, 1979-2030), therapy can consist of either 
ASA 100 mg or warfarin/phenprocoumon, when the risk factors 
are moderate (age >75 years, hypertension, heart insufficiency, 
diabetes). 
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In both cases the risk of embolism is probably more than 1% 
per year, and treatment with warfarin or phenprocoumon carries a 
bleeding risk of 3-10% per year, so aeromedical certification is not 
possible. 

Subjective symptoms 

Independent of the acute hemodynamic consequences of AF, the 
subjective impairment caused by palpitations can be so pronounced 
as to interfere with concentration. This occurs more often with parox¬ 
ysmal AF and less so for patients with chronic AF. 

Aeromedical Dispositions 

The following are recommendations for aeromedical assessment of 
pilots with atrial fibrillation: 

Basically, at first evidence of atrial fibrillation, the pilot must be 
disqualifed. Further evaluation should be accomplished through 
targeted diagnostics and individual evaluation to decide if, and under 
what circumstances, aeromedical certification may again become 
possible. 

Regarding paroxysmal and chronic AF, the following principles 
apply: 

A) Disqualification is mandatory if there is evidence of structural 
cardiac anomalies; therefore the following disorders must be 
considered: 

• Primary cardiomyopathy (hypertrophic of dilated) 

• Arterial hypertension with hypertensive heart disease 

• Coronary heart disease with evidence of ischemia 

• Valvular disease. 

In all of these, the likelihood of an incapacitating cardiovas¬ 
cular event is substantially greater than 1% annually. 

B) Pilots with AF (paroxysmal or chronic) without evidence of 
structural anomalies (the so-called idiopathic AF) should be 
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disqualified if they are older than 65 years of age and not anti¬ 
coagulated. In this group, the statistical risk of thromboembolic 
complication is above 1% per year. 

The goal of pharmacotherapy is suppression of paroxysmal 
episodes and control of heart rate. Because of possible central nerv¬ 
ous system and proarrhythmic side effects, certain medicines cannot 
be utilized in pilots. These are, among others, clonidine, flecanaide, 
propafenone, amiodarone and disopyramide. 

For prevention of AF recurrence and/or control of heart rate in 
chronic AF, the following medicines are acceptable: 

• /3-receptor blockers 

• sotalol (which is not favorable from an aeromedical perspective) 

• verapamil 

• digitalis glycoside. 

The absence of side effects that could impair flight performance 
must be confirmed individually (if applicable, in a flight simulator). It 
must be pointed out that the use of /3-blockers and verapamil can 
increase AV conduction time. The effect of these substances is based 
on the fact that a reduced heart rate during paroxysmal AF can 
increase the likelihood of spontaneous conversion. The digitalis 
preparations are also primarily similar. Nonetheless, their effect 
under adrenergic influence can be severely reduced. Sotalol is quite 
effective but exhibits a potential to increase the repolarization 
period (QT interval) and, in certain cases, has proarrhythmic effects, 
ranging from tachycardia to torsade de pointes. 

Due to the requirement that there shall be no significant functional 
nor structural abnormality of the circulatory system, medical certification 
of applicants with AF can be considered under the following conditions: 

• Normal ECG (12 leads): resting heart rate less than 90/min and 
during stress testing less than 220/min, even under AF. 

• Normal stress testing without evidence of ischemia (as much as 
can be determined under medication). 
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• Normal findings on myocardial scintigraphy or dobutamine- 
echocardiography. 

• Echocardiography with biventricular ejection fraction over 50%. 

• Normal ventricular diameter (2D echocardiography). 

• Maximal left atrial diameter of 4.5 cm. 

• If applicable, coronary angiography without evidence of signifi¬ 
cant coronary artery stenosis. 

• Holter monitoring: 48 hours continuous ECC monitoring on 
three different occasions with an interval of four weeks, without 
evidence of AF in patients who have experienced a singular 
episode or have a paroxysmal form. 

• No pauses longer than 2.5 seconds during the day, not even after 
cardioversion to sinus rhythm. 

• In patients with chronic AF: documentation of the shortest 
RR interval over 300 ms, and the longest RR interval under 
3.5 seconds. 

It is evident that only pilots who are in the low risk group (such 
as lone atrial fibrillation and age under 65 years with about 0.5% risk 
of embolism per year) are fit for medical certification. 

Medically indicated Marcumar (or Coumadin) therapy in pilots 
with AF implies an elevated cardiovascular risk and entails a signifi¬ 
cant risk of bleeding; it is therefore always disqualifying. 

Special cases 

After a single episode of AF with an identifiable cause (excessive 
physical activity with electrolyte imbalance, following excessive 
alcohol consumption, thyreotoxicosis), a first-time applicant can be 
issued a Class I medical certificate if the likelihood of recurrence is 
low (JAR-FFC3). This can be difficult to determine in individual cases. 
With recertification or renewal cases, certification can be determined 
by the abovementioned criteria. It is necessary to add restrictions to 
multicrew duties or "without passengers." After two years, restrictions 
can be lifted as long as no further episodes of symptomatic AF have 
occurred. Implantable closed-loop recorders have become available 
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in recent years. These can recognize and record arrhythmias and, 
upon interrogation, provide exact evidence of a patient's individual 
arrhythmia burden. 

Incomplete arrhythmia suppression carries some residual risk for 
the development of an embolic event, probably less than 1% per 
year. Three unremarkable 48-hour ECCs do not entirely exclude 
intermittent paroxysmal AF. This is to be taken into account when 
certificating pilots and calls the recommendation for Holter monitor¬ 
ing in question. 

From this follows that pilots with AF should be limited to multi¬ 
crew duties. Essentially, the deciding factor is the symptomatology 
during the paroxysms, because symptoms can be so pronounced 
that they temporarily impair the pilot's cognitive performance. From 
the clinical symptomatology experienced with AF during daily activ¬ 
ities, it can be difficult to extrapolate to the cockpit situation. 
Therefore all pilots with paroxysmal AF, despite medication, should 
be disqualified. Flexibility may be possible if, in individual cases 
over an appropriate period of time, it is possible to demonstrate that 
the clinical symptomatology of AF is well tolerated and the parox¬ 
ysms are rare. 


Pilots with chronic AF ("lone AF") 

The risk of embolic events is similar to that of paroxysmal AF, 
under 1% per year. Permanent presence of this rhythm distur¬ 
bance, in contrast to the paroxysmal form, carries a reliable prog¬ 
nosis as well as a predictable clinical symptomatology, primarily a 
reduction of the cardiopulmonary function. The clinical impres¬ 
sion can be validated any time through flight simulation. Under 
the specifications of an appropriate examination frequency, 
limited medical certification (multicrew) is possible. Cardiological 
evaluations with FHolter monitoring and echocardiography are 
required semi-annually. Commercial single-crew aircraft operation 
may not be possible. 
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Invasive electrophysiological diagnostics and therapy 

In the event that antiarrhythmic therapy does not entirely suppress 
the arrhythmia, and/or the symptomatology of episodes is distressing, 
curative therapy should be considered. Invasive surgical and electro- 
physiological therapeutic options are currently in the midst of rapid 
development. 

In order to inhibit perpetuation of macro and micro reentry 
cycles, ablation procedures utilizing radiofrequency or microwave 
and ultra sound techniques or cryoablation are available. These were 
initially considered adjuncts to the original operative procedures 
(Maze I/Maze II). With a variety of techniques, application of these 
surgical ablation procedures on other indications were soon estab¬ 
lished as independent methods, primarily in cardiac surgery 11 where 
the minimally invasive right-sided thoracotomy approach with a 
heart-lung bypass machine was used. 22 Following that, epicardial 
ablation emerged as the primary minimally invasive intervention pro¬ 
cedure, using a right-sided mini-thoracotomy approach, without the 
need for a heart-lung bypass machine. The application of electro- 
physiological catheter procedures has subsequently undergone sig¬ 
nificant development. Today, a variety of techniques have to be 
considered for any catheter-interventional procedure. 

Following the electrical isolation of the arrythmogenic pul¬ 
monary vein focus, radiofrequency or cryoablation is initiated. 17 
Observation for possible development of symptomatic scar-induced 
pulmonary vein stenosis is necessary for a period of time following 
this procedure. 16 The most likely cause for stenosis is that the initial 
ablation energy was administered into the pulmonary vein, which is 
why these techniques have been modified. By isolating the pul¬ 
monary vein on the atrial side or by limiting the ablation to the elim¬ 
ination of electrophysiologically identified connections between the 
pulmonary vein and the atrial myocardium (pulmonary strain), pul¬ 
monary vein stenosis can be prevented. Special catheters (such as the 
"lasso catheter") have been developed, which can determine with 
precision the topographic position of such connections by means of 
multiple, precisely spaced electrodes. 
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The so-called left atrial substrate modification originates from a 
different philosophy, namely the assumption that the preservation of 
atrial fibrillation in the region of the pulmonary vein ostia requires 
localized areas of reentry phenomenon (so-called "rotors") which 
perpetuate AF. 26 This atrial trans-septal approach results in a com- 
partmentalization of the left atrium through encircling of the pul¬ 
monary vein ostia via a line of ablation, through which the serial 
rows of ablation points are realized. Depending on the operator, 
additional connection lines (such as a connection between the encir¬ 
cling of the right and left pulmonary vein ostia in the atria or a line 
from the left encircling to the mitral valve annulus) are applied. 
Visualization of the individual atrium as well as the introduced abla¬ 
tion line requires an electro-anatomical mapping procedure (NavX or 
CARTO). 

In general, the success and safety of these methods have been 
shown by retrospective scientific analysis. Currently, there is a 6% 
"severe complication" rate, including intra- and peri-procedural 
death. An increasing number of reports indicate that an atrio- 
esophageal fistula may possibly appear later. 

The therapeutic goal of this invasive method is not necessarily the 
definitive cessation of arrhythmia (achievable in favorable cases), but 
rather a significant reduction of arrhythmia episodes. While freedom 
from arrhythmia without arrhythmia therapy can be expected in 
about 85% of patients, recent reports indicate that in order to achieve 
no recurrences, more intensive aftercare is needed. The operative 
procedure can therefore be considered as an alternative, resulting in 
long-term sinus rhythm for about 90% of patients, without ster¬ 
notomy or antiarrhythmic medications. 

Decision regarding if and under what circumstances aero 
medical certification is possible can be evaluated six months 
postoperatively. Certification requires freedom from symptoms and 
semi-annual cardiological examinations for up to two years after 
such an intervention. 

It is important to note that the catheter ablation procedure for 
AF is not to be considered as an alternative to warfarin/phenpro- 
coumon treatment. Anticoagulation must be considered independently 
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of a successful ablation and, because of bleeding risk and risk of 
embolism, will entail unfitness. 

Atrial Flutter 

Atrial flutter, in contrast to atrial fibrillation, is a rhythm disturbance 
exclusively of the right atrium, 10 if indeed a typical atrial flutter 
exists (Fig. 1). Many patients reveal atrial flutter and fibrillation in 
their medical histories, which are transitions from one rhythm dis¬ 
turbance to another. These are well documented and verify the 
strong relationship of these arrhythmias to eachother. Only in a few 
cases does one or the other rhythm disturbance exist exclusively 


Atrial flutter common type 
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Figure 1 . Atrial flutter common type. The figure shows a 12-lead electrocardiogram 
of typical atrial flutter (counter clockwise: activation of the right atrium) with 2-3:1 - 
conduction ratio to the ventricle. It reveals an undulating baseline with recurring 
identical flutter waves of characteristical "sawtooth" shape, as an expression of per¬ 
manent atrial electrical activity. These "F-waves" ("F" for flutter) are negative in II, III 
and aVF, positive in VI. They can be observed best during the phases of 3 (and 
more):1 -conduction, so that the QRS-complex does not overlap most of the parts of 
the ECG representing the atrial activation. As an evidence of continuous atrial acti¬ 
vation, the lack of an isoelectric interval between the flutter waves can be observed, 
as long as all the 12 ECG-leads are taken into consideration. 
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over a long period of time. Considering that the recurrence of atrial flut¬ 
ter can be suppressed by means of catheter ablation, these observations 
have many significant practical consequences. However, the afflicted 
patient has a not insignificant risk of experiencing further episodes of 
atrial fibrillation or atrial tachycardia within a 12-month time frame. 

The cascade of these events has been studied 14 and should therefore 
be considered. Only in a few cases is typical atrial flutter the only, and 
in the greater context, the sole atrial rhythm disturbance. The appear¬ 
ance of atrial flutter is often observed in patients with structural heart 
disease, of which hypertensive heart disease is the most common. Atrial 
flutter is rarely observed in individuals with healthy hearts. 

With regard to symptoms and therapy, these patients are treated 
similarly to patients with atrial fibrillation. On the basis of the high 
atrial rate, this rhythm disturbance frequently leads to symptoms and 
therefore to disqualification. In contrast to atrial fibrillation, poten¬ 
tially curative catheter ablation plays a dominant role 6 in that the 
integrated cavotricuspid isthmus flutter circuit no longer can enter in 
this form of macro-reentry. 

Limited certification (OML/OSL according to JAR.FCL3) is then 
possible. Unrestricted certification is possible after one year, pro¬ 
vided a repeated electrophysiological evaluation demonstrates a 
favorable result with regard to bidirectional blockade of the isthmus 
between the inferior caval vein and the tricuspid annulus. 

Upon successful ablation of atrial flutter, a semi-annual cardio¬ 
logical evaluation is necessary in order to determine whether further 
episodes of atrial flutter or atrial tachycardia are taking place. With 
regard to the thrombotic potential of atrial flutter, it seems to be com¬ 
parable to that of atrial fibrillation, with only minor differences, 9 for 
which the reader is referred to the corresponding chapter. 


AV Node Reentry Tachycardia (AVNRT) 

Pa thophysiology 

Patients with AVNRT (approximately 60% of those with with parox¬ 
ysmal supraventricular tachycardia) typically have two functionally 
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different conducting AV node structures: the so-called fast AV node 
pathway which, by its rapid antegrade conduction velocity, masks the 
other so-called slow conducting AV node pathways. Whether these 
pathways are part of an integrated AV node system or should be con¬ 
sidered as paranodal atrial myocardial structures is a topic of on-going 
scientific discussion. On the basis of the differing refractive periods — 
long effective refractive period (ERP) of the fast pathway, short ERP of 
the slow pathway — these two conduction connections can be distin¬ 
guished from each other, for example, through the appearance of 
extrasystoles. The atrial extrasystole is so premature that it cannot be 
conducted via the fast tract and therefore is conducted into the cham¬ 
bers via the slow AV node pathway. This is seen in the ECC as a length¬ 
ening of the PR interval after atrial extrasystoles. During persistent 
tachycardia, the P wave is typically no longer recognizable (Fig. 2). 


AVNRT common type 
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Figure 2. Atrioventricular nodal reentrant tachycardia. The figure shows a 12-lead 
electrocardiogram of a typical ("slow-fast") atrioventricular nodal reentrant tachy¬ 
cardia (AVNRT). It is the most common regular tachycardia of supraventricular ori¬ 
gin, and as such, shows QRS-complexes of normal duration and contour. As atria 
and ventricles are depolarized nearly simultaneously, the P-wave is buried in the 
QRS-complex and therefore not recognizable. 
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The simultaneous activation of atria and ventricles in tachycardia 
can lead to pronounced cardiovascular effects, including syncope. 
Until compensatory mechanisms come into play, an AVNRT has 
been found by way of invasive examination to be between 95 and 
260 beats per minute. 

An association between AVNRT and cardiovascular disease does 
not exist. This rhythm disturbance is observed in healthy hearts as 
well. Women are more often affected than men. 

The clinical symptomatology with the appearance of tachycardia 
in individual cases is difficult to predict (well tolerated until sudden 
incapacitation occurs) as it is modulated through numerous vegeta¬ 
tive influences. Consequently, pilots with untreated AVNRT are unfit 
for all classes of medical certification. 

On the basis of the special therapeutic recommendations by 
national and international specialty groups, the first line of therapy in 
patients with symptomatic AVNRT is the execution of a potentially 
curative catheter ablation of the so-called slow AV node pathway. 1 
With the application of radiofrequency energy to the area of the 
coronary sinus ostium, elimination of the AVNRT is nearly always 
achieved. In larger intervention centers, pacemakers are required in 
less than 1% of cases. The recurrence rate is considered to be up to 
7%, so that a repeat of the intervention may be necessary in individ¬ 
ual cases. Over 95% of all recurrences occur within the first six 
months after ablation. For this reason, aeromedical certification is 
initially limited to multicrew operations (OML or OSL) for the first 
year. FHowever, no limitation is necessary if a second EPS study after 
two months is normal. The final cardiological evaluation should 
result in no significant findings (PR-interval should be less than 
0.2 seconds with no AV blockage as a sign of undisturbed function¬ 
ing of the fast AV node pathway). 

If there is evidence under isoproterenol that the tachycardia has not 
been extinguished, a second invasive electrophysiological evaluation 
is highly recommended, but could be limited in the future to patients 
who either have significant symptomatic episodes and/or infrequent 
paroxysms. In the latter case, the usual time frame of follow-up inter¬ 
vals is not adequate to evaluate the success of the ablation. 
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In the literature, it has been disputed whether or not patients 
who, at the end of evaluation, do not show evidence of complete 
elimination of the slow pathway (about 40%), will in general have a 
higher rate of recurrences. 8,15 With this in mind, recommendations 
have been made to allow unrestricted certification only when com¬ 
plete elimination of the slow pathway can be demonstrated by elec- 
trophysiological testing. Patients who merely demonstrate a 
modulation of slow pathway and who at final examination demon¬ 
strate a singular AV node echo, were recommended to undergo 
another invasive examination prior to unrestricted certification. 
Meanwhile, the modulation of the slow pathway of the AV node, so 
that only one single echo common type is left but the former 
inducible AVNRT cannot be reinduced, is an accepted endpoint of 
the ablation procedure and has the same outcome in the long run as 
a complete elimination of the AVN slow pathway. 25 

Medical prophylaxis of recurrences has been pushed into the 
background by the success of catheter ablation. The efficacy of med¬ 
ical prophylaxis is not very predictable and the significant recurrence 
rate and many side effects of medication render such treatment 
incompatible with safe flying. 

WPW Syndrome 

All pilots with symptomatic preexcitation syndromes are unfit for 
medical certification. In terms of accessory conduction tracts, 
patients with narrow and wide complex QRS tachycardias fall into 
this category, as well as patients with atrial fibrillation. 

Three variations of rhythm disturbance are characteristic of WPW 
syndrome: 

1. The so-called orthodrome circus movement tachycardia, which is 
impressive in its narrow QRS complex. The re-entry cycle con¬ 
sists of antegrade conduction via the AV node and the retrograde 
conduction is via the accessory connection back to the atria. 

2. The so-called antidrome circus movement tachycardia, with a 
wide QRS complex as a consequence of antegrade conduction 
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over the accessory tract and retrograde conduction over the AV 
node (generally less common). 

3. Tachycardia with alternating wide QRS complex as a conse¬ 
quence of atrial fibrillation and simultaneous antegrade conduc¬ 
tion over AV node and accessory connection. 

Evidence of a delta wave (Fig. 3) in the ECG can be subtle, 
particularly in "left sided," localized accessory pathways (with 
the electrical conductibility between left atrium and left ventricle). 
The left sided localization has the largest topographical distance 
from the AV conduction system, because the duration of the intra- 
and inter-atrial impulse propagation has a comparable late 
atrial arrival via the accessory pathway in comparison with the 


Sinus rhythm with preexcitation 



Figure 3. Preexcitation in WPW syndrome. The figure shows a 12-lead electrocar¬ 
diogram of a patient with an accessory pathway. In this case, it is located in a diver¬ 
ticulum of the proximal coronary sinus. Electrical activity coming from the atrium 
depolarizes parts or the whole ventricle earlier than would be expected if the 
impulse traveled along the normal conduction system (AV-node and His-Purkinje- 
system). This premature ventricular activation causes an alteration in the QRS-com- 
plex, an ECG abnormality called "Delta-wave." 
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arrival of the compact AV node. The delta wave, in any case, is evi¬ 
dence that this accessory connection conducts in an antegrade 
direction. 

A slight conduction capacity of this accessory tract can be 
assumed to exist when the delta wave is evident only intermittently 
and/or disappears during stress loading or at higher frequencies. An 
absent delta wave does not exclude a preexcitation syndrome, in that 
certain accessory pathways have the capacity to conduct retrograde, 
i.e. from the ventricle back to the atrium. This phenomenon is not rec¬ 
ognizable in a superficial ECC during sinus rhythm (the so-called 
concealed WPW syndrome). 

Antegrade conducted accessory pathways (open WPW syndrome) 
with high conductivity of the bundle (= short effective refractory 
period) are particularly dangerous. 29 

The appearance of atrial fibrillation (in 2% of cases with exist¬ 
ing accessory pathways) creates the danger that atrial fibrillation 
impulses will be conducted as a rapid salvo onto the ventricle 
myocardium, thereby triggering ventricular fibrillation. Ventricular 
fibrillation therefore does not develop due to the rapid irregular 
atrial rhythm being transmitted "1:1" into the ventricle or over 
a lengthy period of time with hemodynamic problems as a conse¬ 
quence. Death on the basis of this mechanism has been well 
documented in patients with WPW syndrome, but is quite 
uncommon. 29 

The majority of tachycardic heart rhythm disturbances on the 
basis of preexcitation syndrome manifest themselves in the third 
decade of life. The potential for extrasystoles to trigger circus move¬ 
ments increases with age and may eventually lead to clinical appear¬ 
ance of this congenital anomaly. 

After successful ablation treatment, medical certification is ini¬ 
tially limited to multicrew operations. Unlimited certification is 
possible after a year, or after two months following a second EPS 
study. After one year, ongoing cardiological evaluations are no 
longer necessary. 
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The asymptomatic patient 

A preexcitation pattern, shown by 12-lead ECG (frequency 0.25%) in 
an asymptomatic pilot, justifies a limitation to multicrew operations. 
The following are required for assessment: 

• Normal stress ECG without evidence of coronary ischemia. 

• Normal myocardial scintigraphy or stress echocardiography 
particularly when a delta wave is evident, and also when repo¬ 
larization disturbances in the ECG are found regularly. 

• Normal echocardiogram with biventricular EF over 50% and nor¬ 
mal diameter. 

• Invasive electrophysiological studies (EPS) demonstrates an effec¬ 
tive refractory period of the accessory tract of over 300 ms and 
an EHV-interval <70 ms, or an intermittent WPW pattern on ECG 
which disappears with exertion. 

• Regular cardiology evaluations including 24-hour Holter must be 
maintained. 

An initial Class I applicant with asymptomatic delta waves is only 
fit for certification if an electrophysiological examination including 
adequate medical stimulation of the autonomic nervous system 
excludes an inducible reentry tachycardia and multiple accessory 
conduction tracts. A Class II pilot can obtain an unlimited certificate 
if the required EPS studies are performed. 

Although the prognosis in this asymptomatic group is very 
good, 29 nonetheless there exists a statistically increased risk of 
supraventricular tachycardia (about 2% per year). This is the ration¬ 
ale for the abovementioned restrictions with regard to medical 
certification. 

It seems reasonable, particularly on the background of the 
required invasive EPS, to terminate the accessory pathways with a 
targeted catheter ablation, in order to: 

1. Obtain unlimited medical certification (seeAVNRT). 

2. Deal early on with the risk of symptomatic tachycardia. 
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3. Avoid permanent disqualification after documentation of a 
short ERP. 

"Prophylactic" catheter ablation in asymptomatic patients should only 
be undertaken after considering that particular ablation techniques 
can be associated with significant complications in individual cases: 

Risk of AV blockade with ablation of right anteroseptal, midsep- 
tal and also posteroseptal accessory bundles. 

Aeromedical disposition after successful catheter ablation in preex¬ 
citation syndromes is nearly the same as after ablation for AVNRT: 

Limited medical certification Class I (OML) for 12 months, unless 
another EPS after two months demonstrates a favorable result. In 
the absence of long term favorable results, OML cannot be lifted. 
This requirement (according to JAR-FLC3) is valid also for Class 
II; here the limitation OSL or OPL (valid only without passengers) 
may be necessary. 

Medical prophylaxis does not play a relevant role in decisions 
regarding medical certification. 

The appearance of tachycardia in the up to now asymptomatic 
patient entails disqualification. 

Special cases 

Patients with only retrograde conducting accessory connections with 
short refractory periods and/or serious clinical symptomatology during 
tachycardia: The potential for recurrence cannot be determined by 
ECC and should therefore be evaluated by electrophysiology in the 
post ablation period. Initially, only restricted certification is possible. 

Symptomatic preexcitation syndrome 

As every symptomatic preexcitation syndrome results in disqualifica¬ 
tion, medical certification can only be reconsidered after successful 
performance of a curative catheter intervention. 
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The rate of success of treating preexcitation syndrome is depend¬ 
ent on the localization of the accessory tract and is between 90 and 
99%. Right sided conduction tracts show a significantly higher recur¬ 
rence rate than left sided cases, which can have practical conse¬ 
quences in the follow-up period. 

Several special types of the classic preexcitation syndrome exist, 
whereby the accessory tracts exhibit characteristics that can signifi¬ 
cantly differ from that of the classic Kent bundle. The particular con¬ 
duction characteristics of these tracts determine, inter alia, the 
clinical picture of the patient. On the basis of these variations, 
patients with corresponding symptomatology should have an EPS in 
order to determine the patient-specific electrophysiological charac¬ 
teristics of the accessory tracts and, if applicable, undergo an abla¬ 
tion procedure. These types of preexcitation are known as 
Lown-Ganong-Levine (LGL) or Mahaim syndromes. 4 Mahaim fibers 
are accessory tracts which are almost exclusively right sided. Their 
ventricular insertion is not near the tricuspid valve annulus, but 
rather in the area of the apex of the right ventricular myocardium. 
They demonstrate only decremental antegrade conduction, so that 
the conduction behavior is more similar to that of the AV conduction 
system than that of the Kent bundle. This type of accessory bundle 
allows only antidrome tachycardia, and the open preexcitation 
shows a left bundle branch block (LBBB) deformation of the QRS 
complex on a surface ECG. Therefore it is imperative to define this 
frequency-dependent LBBB, as this has significant therapeutic conse¬ 
quences. In contrast to the Mahaim fibers, which show an increas¬ 
ingly wide QRS complex, the frequency-dependent LBBB in general 
suddenly develops blockade at a critical frequency. 

Atrial Tachycardia 

Atrial tachycardia is usually linked to structural cardiac disease, 
therefore seldom encountered in the practice of aviation medicine. 

Unambiguous evidence of atrial tachycardia entails unfitness. 
Medical certification requires a search for underlying cardiac 
disease; if found, permanent disqualification is the rule. 
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In addition to pharmacotherapy, curative therapy utilizing 
catheter ablation is a possibility after exclusion of underlying cardiac 
disease. If successful, certification needs limitation unless a repeat 
EPS verifies a normal finding. Due to the generally increased risk of 
recurrence of this type of supraventricular tachycardia, a correspon¬ 
ding invasive EPS should follow. Otherwise, the process is the same 
as described for successful catheter ablation of other supraventricu¬ 
lar rhythm disturbances. 

Ventricular Extrasystoles 

Ventricular extrasystoles are common; if infrequent and unifocal, 
they are generally harmless in healthy hearts. 

Evidence of frequent (>2% of QRS complexes), repetitive and/or 
polymorphic ventricular extrasystoles (<5 seconds in duration with a 
frequency of >120/min) is not a normal finding and requires further 
cardiological evaluation before medical certification can be consid¬ 
ered. The goal is to find evidence of or exclude a structural cardiac 
disease. In the absence of structural cardiac disease, this distinctive 
rhythm feature is considered to carry a good prognosis in most cases. 

In younger patients, especially those with electrocardiological 
clues for a right sided source of the extrasystoles, it is necessary to 
search particularly for signs of arrythmogenic right ventricular 
disease (in these cases an MRT evaluation of the right ventricle 
should be performed). 

Evidence of a structural disease generally rules out medical cer¬ 
tification. If there is uncertainty regarding the prognostic significance 
of the ventricular extrasystoles, EPS with corresponding stimulation 
maneuvers at baseline or under isopreterenol can be helpful in certain 
cases, even when the specificity is diminished in patients with coronary 
heart disease and completed infarct. 

The value of the so-called signal average ECG regarding complex 
ventricular extrasystoles is controversial. It has its place in the area of 
non-invasive risk factor stratification, with regard to the appearance 
of sustained ventricular tachycardia in post infarct patients. 5,19 This is 
true even more so when a restriction in the left ventricular pump 
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function exists. The evidence of high frequency and low amplitude 
signals at the end of the signal average QRS complex is associated 
pathophysiologically with a so-called "arrhythmia substrate." In this 
substrate, one finds an inhomogenous and generally slowing depo¬ 
larization, which has a favorable predisposition for the emergence of 
reentry tachycardia in the ventricles. 


BRADYCARDIA AND CONDUCTION DISTURBANCES 

Sinus Node Dysfunction and SA Blockade 

Differentiation between normal heart frequency modulation and 
"physiological" arrhythmia from real disorders of the sinus node or 
manifestation of sinus node disease can be especially difficult in 
young and otherwise healthy people. In the area of aeromedical cer¬ 
tification, this can nonetheless have particular significance as the 
diagnosis of a pathological sino-atrial function results in disqualifica¬ 
tion for all classes of medical certification. 


Physiological sinus node function and arrhythmia 
without pathological significance 

The definition of normal sinus frequency is not unproblematic and 
must take into consideration the age as well as the physical con¬ 
dition of the patient. Sinus bradycardia of 40/minute in healthy 
and physically fit people in a relaxed state is not pathological. 
Sinus bradycardia under 40/minute in aerobically untrained peo¬ 
ple during the day may at least be a suspicious finding, particularly 
when symptoms associated with bradycardia are found in the 
history. 

Pronounced fluctuation in sinus frequency with respiration in 
young patients is entirely physiological; in some cases it is an expres¬ 
sion of high vagus tone. 

Sinus pauses up to 2.5 seconds is found in 10% of the healthy 
population and pauses to two seconds in about 20% of athletes. Pauses 
greater than 2.5 seconds require further investigation, particularly 



Cardiac Rhythm and Conduction Disturbances 


363 


for evidence of symptoms, whereas pauses over 3.5 seconds are to 
be considered pathological. 

Chronotropic competence 

Analysis of the variability of sinus node function as a response to 
physical loading is a decisive examination tool in the evaluation of 
sinus node function. 

In many cases it is possible by stress testing to differentiate 
patients with vegetative modulating sinus bradycardia at rest and 
high normal frequency adaptation from sinus node function distur¬ 
bances (so-called intrinsic sinus node dysfunction), due to inade¬ 
quate heart rate. 

Chronotropic competence during stress testing not only measures 
the attained heart rate at a particular stress level, but also the accel¬ 
eration of the heart rate (i.e., heart rate over time). 

Typically the increase in heart rate in some patients with sick 
sinus syndrome (SSS) is normal; however, the absolute heart rate at 
each individual stress testing level is reduced in comparison to the 
norm. Therefore it is important for the diagnosis of this group to 
determine the maximally achieved heart rate and compare it to the 
norm (for example 215 minus the age). The reproducibility of 
chronotropic competence is generally possible, limited by the indi¬ 
vidual vagal tone. 

There is thus a sensible method for the evaluation of chronotropic 
competence by determining the measured heart rate acceleration 
and the individual maximally achieved heart rate. Healthy hearts 
should achieve the maximally achievable heart rate during stress test¬ 
ing in order to classify for medical certification. 

P-wave morphology 

In sinus rhythm, the P-wave duration is normally up to 100 ms in 
healthy hearts. As a rule, leads I, II, III and aVF exhibit a positive 
P-wave with the highest amplitude in II and aVF. The terminal negative 
vector portion in lead VI is minimal. Diversions from this in certain 
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circumstances indicate an intra-atrial conduction disturbance and 
should be classified as pathological. 

Abnormal sinus node function 

Sinus node dysfunction manifests itself electrocardiographically 
and/or clinically. It is slowly progressive and evolves benignly over 
many years. Sinus node syndrome consists of a variety of individual 
anomalies. 

1. Significant, inadequate and persistent sinus bradycardia. 

2. Sinus arrest with corresponding pauses and eventual evidence of 
junctional or atrial ectopy as escape rhythms. 

3. Paroxysms or chronic atrial fibrillation as a result of sinus brady¬ 
cardia or long pauses. 

4. A variety of sino-atrial blocks. 

5. Chronotropic incompetence. 

It is evident that sinus node dysfunction consists of a heteroge¬ 
neous group of rhythm anomalies that are not exclusively due to 
disturbed sinus node function, but more often related to a disorder of 
the sino-atrial transition and intra-atrial conduction. 

Consequences for aeromedical certification 

Pilots with symptomatic sinus node syndrome are disqualified. 19 For 
questions regarding aeromedical certification following pacemaker 
implantation, please see the section on pacemaker therapeutics. 

Pilots who are asymptomatic, but have clues regarding sinus 
node function disorders (such as obvious sinus bradycardia 
less than 40/minute) should obtain close (semi-annually) cardio¬ 
logical oversight. Limitation of certification should be taken into 
consideration. All the cardiological evidence pertaining 
to supraventricular tachycardia can be utilized and should result in 
normal findings. Pauses over 2.5 seconds should not appear on 
FHolter monitoring. 
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Diagnostic options 

• Holter monitoring (heart rate variability, pauses, etc.), eventually 
loop recorder as external storage for retrospective analysis and 
activation by the patient. 

• Stress ECG: chronotropic competence, pauses from SA blockade, 
arrhythmias. 

• In individual cases: invasive EPS with determination of sinus 
node recovery period and the sino-atrial conduction time (this 
test had moderate sensitivity and high specificity, therefore an 
inconspicuous EPS does not rule out the existence of a significant 
sinus function disorder). 

• Pharmacological tests such as autonomic blockade with atropine 
and /3-blockade. 

• Valsalva maneuver and orthostatic provocation test (evaluate 
different autonomic reflexes). 

AV Blocks 

Significant pacemaker disturbances of the heart — and the higher AV 
blocks are included — are disqualifying. Second (Mobitz type II) and 
third degree AV blocks are pathological findings and require further 
examination. They are disqualifying for flight. 

A thorough cardiac/internal medicine evaluation is necessary. 
Only in a few cases will evidence of structural heart disease be com¬ 
patible with aeromedical certification, even after treatment with a 
pacemaker implant. 

As mentioned above, AV blocks are considered a priori to be 
pathological and are therefore incompatible with aeromedical certi¬ 
fication. The aeromedical decision is practically not influenced by 
the existence or lack of clinical symptoms. 

Exceptions 

Individual, early subsiding, non-conducting P-waves and/or evidence 
relating particularly to the appearance of alternating long and short 
AV intervals during the night. 
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The appearance of very early single occurrences of supraventricular 
extrasystoles without conduction (early P-wave without a succeeding 
QRS complex) can be an expression of suppression of the antegrade 
conduction capacity of the AV node, or the transfer of conduction 
through a slow AV node bundle and is not the same as the diagnosis of 
"intermittent AV block." The differentiation is problematic, and can, in 
individual cases, be resolved with electrophysiological examination. 

Intermittent second degree AV block — Wenckebach's 
phenomenon (Mobitz I) 

This type of blockade during high vagal tone (therefore nocturnal) is 
often a normal variant in otherwise asymptomatic individuals with 
healthy hearts. This is particularly the case in very young people. In 
older people, restricted certification should be considered. Evidence 
of Wenckebach's block of short duration and with narrow QRS com¬ 
plexes have been shown to lead to a progression of higher grade AV 
block. In order to issue unlimited certification, pathological changes 
causing blockade must be excluded by additional cardiological eval¬ 
uation, preferably including EPS. 

First degree AV block 

EHere, there is actually no block, but rather a delay greater than the 
norm at the level of the AV node. Simultaneous bundle branch block 
should be excluded, as this could be an infranodal conduction delay, 
which carries an unfavorable prognosis. An invasive EPS is therefore 
recommended from an aeromedical perspective. Evidence of patho¬ 
logical Hissian or infra-Hissian conduction times rule out all classes 
of medical certification. 

If all other cardiological evaluations are normal, unrestricted 
medical certification is possible. 

Especially with regard to stress testing, it should be noted 
whether an increase in the PR interval occurs under exertion, which 
can likewise be considered pathological and should entail a limitation 
in certification. 
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The shortening, even at rest, of a clearly lengthened (up to 400 ms) 
PR interval is an expression of the functionality of the dual input to 
the AV node and should be further evaluated. Shortening to 0.20 s 
during stress testing or with atropine infusion is required in order to 
be considered favorable for certification. 

In case of doubt, an electrophysiological evaluation should be 
undertaken. Normal findings are compatible with certification. 

AV node duality (existence of two different conducting AV node 
pathways). 

The only conspicuous finding is that, in certain phases of physical 
exertion, a sudden lengthening of the PR interval appears, because 
the ERP of the fast AV node pathway has been reached. This could be 
misinterpreted as a variant of AV block on the ECG. In the case of 
dual AV input, sudden lengthening of the PR interval is present. In the 
case of AV conduction block, one finds fluid transition of the PR 
interval change. AV node duality is found even without evidence of 
AV node tachycardia in about 6% of the general population. One 
should inquire about a history of palpitations, with respect to 
performing an adenosine provocation test. 

14.2.3 Pacemaker Therapy and Aeromedical Certification 

Pacemaker therapy is a rather rare occurrence in aeromedical evalu¬ 
ations. Pilots who have received a pacemaker can obtain certification 
(limited: OML Class I) under the following conditions: 

• No evidence of cardiac disease, which a priori would be 
disqualifying. 12 

• Implantation of a bipolar pacemaker (minimizing potential influ¬ 
ences of external sources on the pacemaker). 

• No pacemaker dependency (such as complete AV block with 
unstable intrinsic rhythm less than 30/minute). 

• Pacemaker failure rate is less than 1% per year (manufacturers 
information in relevant reports, available in international journals 
such as PACE). 
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These conditions are based on the assumption that pacemakers 
are implanted for intermittent AV block. 

At the earliest, medical certification can be considered after a post¬ 
operative observation period of three months. Regular (six months) 
pacemaker evaluations are necessary and should be carried out by a 
physician with special training in pacemakers. 

Hemiblock 

Left anterior hemiblock (LAH) is found in 1 to 2% of the general 
population. An LAH that has been in existence for a long time is 
associated with a good prognosis and is compatible with medical 
certification, provided this is an isolated finding. A new LAH should 
prompt an evaluation for myocardial ischemia including a stress 
test. An already long-time existing incomplete LBBB (QRS to 120 ms) 
should be assessed as a chronic LAH, as long as a structural under¬ 
lying heart disease is ruled out. A new appearance of an incomplete 
LBBB should be evaluated similar to a complete LBBB (see that 
section). 

Left posterior hemiblock (LPH) is diagnosed less commonly. The 
limited data available suggests that, after excluding structural disease, 
a good prognosis is to be expected. A newly developed LPH requires 
an evaluation for myocardial ischemia by stress testing. 

REPOLARIZATION ANOMALIES AND HEREDITARY 
DISEASES 

QT Prolongation 

QT prolongation is sporadically found among flight crews. On rare 
occasions this is an expression of a genetic disorder in the form of 
Jerwell-Lange-Nielsen syndrome in association with deafness, or the 
Romano-Ward syndrome which is an autosomal dominant genetic 
disorder. 28 

In many of these cases the QT prolongation is very obvious (>550 ms) 
and/or associated with morphological changes of the T wave. 
Because of the high risk for malignant ventricular arrhythmia, this 
constellation is disqualifying. However, subtle forms do exist. 
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More commonly, more moderate QT prolongation is encoun¬ 
tered (QT over 440 ms), which require further evaluation: 

• family history (cases of sudden cardiac death) 

• exclusion of structural heart disease 

• medication history (even antibiotics) 

• if applicable, electrophysiology and genetic evaluation. 

Hereditary Diseases 

By now, a number of hereditary diseases are known which exhibit a 
primary electrical or myocardial etiology. These are related to an ele¬ 
vated risk for the development of malignant arrhythmias and are 
therefore disqualifying for all classes of medical certification. 
Examples of such hereditary diseases are: 

• hypertrophic cardiomyopathy 

• arrythmogenic right ventricular cardiomyopathy 

• long QT syndrome 

• short QT syndrome 

• Brugada syndrome 

• idiopathic ventricular tachycardia. 

As these disorders are uncommon, there are no prospective or ran¬ 
domized studies for this group. In secondary prevention studies (AVID, 
CIDS, CASH), only a few of these patients could be included. 
Retrospectively, the consensus of the experts is that in order to survive 
sudden cardiac death, ICD implantation should be undertaken. The 
decision for ICD implantation for primary prophylaxis requires follow¬ 
up by an electrophysiology center. Defibrillator implantation is incom¬ 
patible with all classes of medical certification. The individual risk factor 
stratification is, for the time being, still an object of ongoing research. 

With regard to hypertrophic cardiomyopathy, risk factor stratifi¬ 
cation includes examples of risk factors such as: 

• syncope of unknown etiology 

• family history of elevated death rate 
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• abnormal blood pressure response to stress testing (increase 
<20 mmHg) 

• multiple or long non-sustained VT on Holter ECG 

• septal thickness > 30 mm (alone a sufficient indication for ICD 
implantation; over 25 mm septal thickness is disqualifying). 

There is no known prospective randomized study regarding 
arrythmogenic right ventricular cardiomyopathy (ARVC). In these 
cases, the risk factors exist on the basis of significant right ventric¬ 
ular dysplasia; occasionally, there is left ventricular participation 
such as is evidenced by a family history of sudden death. Further 
procedures depend on the individual profile, and a prophylactic 
ICD implantation is possible. Without the existence of significant 
RV dysplasia, catheter ablation or medical evaluation of inducibi- 
lity of ventricular tachycardia should be considered. In the 
event that a diagnosis is secured (often difficult), disqualification 
follows. 

Idiopathic ventricular tachycardia, also monomophic right or left 
ventricular tachycardia without any evidence of structural cardiac 
disease, should primarily initiate catheter ablation which, if success¬ 
ful, can be considered curative. Standard clinical and Holter electro¬ 
cardiographic follow-up — at least for a period of six months — can 
help determine whether permanent therapeutic success has been 
achieved. 

Syncope 

Syncope is defined as a transitory condition of unconsciousness in 
association with a generalized loss of muscle tone, followed by spon¬ 
taneous recovery. 

A broad palette of diseases may cause such failure of blood pres¬ 
sure regulation; among these are some cardiac diseases: 

• syncope on the basis of brady- and tachycardic disturbances 

• syncope due to organic heart disease with extensive congenital 
heart disease (such as aortic stenosis) 
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• orthostatic syncope 

• neurogenic syncope, among others. 

A syncope entails disqualification. Exceptions to this rule may be 
considered only in certain situations: 

Notable situations are corrected bradycardic rhythm disturbances 
such as with pacemaker therapy (see that section) or curative catheter 
ablation of tachycardic heart rhythm disturbances (see supraventri¬ 
cular tachycardia). Syncope on the basis of ventricular activity 
generally leads to disqualification, as in most cases a structural heart 
disease is responsible and the prognosis unfavorable. 

There exists in rare cases an idiopathic ventricular extrasystole or 
tachycardia (for example with a focus in the right ventricular outflow 
tract in the area of the left ventricular interventricular apical septum). 
The life-long prognosis is favorable if structural heart disease cannot 
be discovered. The elimination of the responsible focus with electro- 
physiological evaluation followed by catheter ablation can be con¬ 
sidered potentially curative. Further syncopal episodes following 
successful catheter ablation are not to be expected. A tilt test should 
nonetheless be performed in order to rule out a generalized baro- 
reflex dysfunction. 

Evidence of structural heart disease eliminates any basis for med¬ 
ical certification of any type. This is also the case if the etiology of the 
syncope is not identifiable and syncopal attacks occur without clear 
prior warning signs. 

A limited certification (OML/OSL) can be considered, initially 
for six months, in individual cases (in accordance with JAR-FCL3) 
if an extensive cardiological evaluation is conducted (symptom 
limiting stress testing, such as myocardial scintigraphy or stress 
echocardiography, 2D echocardiography, 24-hour EHolter ECG, tilt 
testing and neurological evaluation). Unrestricted certification 
is possible if, after five years, there have been no presyncope or 
syncope. 

Syncope on the basis of a hypersensitive carotid sinus probably 
occurs very seldom in flight crews. Usually arterial hypertension of 
long standing is noted. 
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With targeted pressure on the carotid sinus, the patients develop 
symptomatic asystole or bradycardia (cardio-inhibitor type) and/or a 
fall in blood pressure of more than 50 mmHg systolic (vasodepressor 
type). In most cases, there is a combination of disorders. Pacemaker 
therapy is particularly effective for the cardio-inhibitor component of 
this disorder, and is minimally effective in patients with a dominant 
vasodepressor component. The likelihood of recurrent syncope in 
this patient group is high; medical certification is in most cases not 
possible. 

Neurocardiogenic syncope 24 in patients without structural heart 
disease generally carries a good prognosis and can be demonstrated 
in otherwise healthy people. Recurrence rate over the long term is 
nonetheless notable, and unfortunately cannot be accurately pre¬ 
dicted by any testing (such as a negative tilt test under medication). 
Neurocardiologenic syncope in pilots is generally disqualifying. 
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Chapter 15 


Congenital Heart Diseases 1 


Use Janicke* 


ICAO Standards and Recommendations: The applicant shall not pos¬ 
sess any abnormality of the heart, congenital or acquired, which is 
likely to interfere with the safe exercise of the applicant's license and 
rating privileges. 

Medical Requirements (JAR-FCL 3): Applicants with congenital 
conditions, including those surgically corrected, shall normally be 
assessed as unfit unless functionally unimportant and no medication 
is required. Cardiology assessment by the AMS shall be required. 
Investigations may include 2D Doppler echocardiography, exercise 
ECC, and 24-hour ambulatory ECC. Regular cardiology review shall 
be required. Restriction to multi-crew (Class I 'OML') and safety pilot 
(Class 2 'OSL') operation may be required. 

INTRODUCTION 

Congenita] heart diseases are found in 1% of all live births and are 
usually diagnosed early in childhood; in countries with good pedi¬ 
atric care they are surgically corrected. Due to extreme advances in 
diagnostic techniques, and particularly in the operative and inter¬ 
ventional therapies (at an increasingly young age) in the last 40 years, 
today 80% of these patients achieve adulthood without medical 
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problems and with a relatively good prognosis. Particularly critical 
evaluation is indicated here, especially after correction of complex 
heart defects. Special experience with congenital heart defects in 
adulthood with corresponding echocardiographic knowledge is nec¬ 
essary. At initial application for a medical certificate and prior to 
starting a long and expensive training process, the proper authorities 
should be consulted in all cases of heart operation/intervention in 
infancy or childhood. 

For full unrestricted certification, the risk of sudden incapacita¬ 
tion from a cardiac event during the period of validity of the certifi¬ 
cate may not be higher than in individuals of similar age and gender, 
and chronic impairment should be minimal. For restricted certifica¬ 
tion, the 1% rule applies. Long-term experience is limited but a full 
pilot career cannot be expected. 

Owing to the following problems, permanent disqualification is 
the rule after surgical correction of complex heart defects in infancy: 

• Disturbances of heart rhythm: potentially dangerous and in the 
long term increasingly common, such as atrial fibrillation after 
atrial switch operation in transposition of the great vessels, or 
ventricular tachycardia after ventriculotomy in the correction of 
the tetralogy of Fallot. 

• Pathological hemodynamic situation including LV dysfunction, pul¬ 
monary hypertension, residual shunt, and outflow tract obstruction, 
even if asymptomatic. 

• Necessary specific cardiac medications, in particular anticoagu¬ 
lation therapy. 

Currently, only non-corrected or surgically corrected heart 
anomalies which can be shown, on the basis of current experience, 
to be nearly free of events, are compatible with certification. 

The seven most common heart defects, which comprise 75% of 
all congenital heart anomalies, are: 

1. Ventricular septal defect (30%) 

2. Atrial septal defect (10%) 
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3. Patent ductus arteriosus (Botalli) (10%) 

4. Coarctation of the aorta (7%) 

5. Pulmonary stenosis (7%) 

6. Aortic and subaortic stenosis (6%) 

7. Tetralogy of Fallot (6%) 

VENTRICULAR SEPTAL DEFECT (VSD) 

VSD appears isolated or combined with other congenital anomalies. 
75% of all VSD, especially the small ones, spontaneously close 
before the fifteenth year of life. At the initial aeromedical examina¬ 
tion, the pilot should be asked about a childhood heart murmur, and 
if affirmative, should undergo echocardiography. 

Closure is not indicated in small VSD (loud holosystolic murmur 
on auscultation) with minimal left-to-right shunt <30% (which 
remains stable), normal heart size on chest X-ray, and no pulmonary 
hypertension. Endocarditis prophylaxis and periodic echocardio- 
graphic examinations are indicated. Special attention should be paid 
to commercial pilots flying to countries with poor hygiene as they 
have an increased risk of endocarditis. Surgical intervention should 
be considered for a left-to-right shunt of 30-50% or muscular VSD. 

Following surgical closure of a larger VSD (shunt >50%), recerti¬ 
fication is more problematic. The 30-year survival rate is 82%, lower 
than in age and gender matched individuals, but increases to 88% 
with early surgical intervention (before the second year of life) and 
with normal pulmonary vascular resistance. 2 The rate of sudden 
death (from post-operative conduction disturbance or ventricular 
rhythm disturbance) is minimal, less than 0.24% per year. 3,4 After 
successful operative closure, certification (with OML or OSL restric¬ 
tion) can be considered under the following conditions: 

• Normal physical examination 

• Normal 2D-Doppler echocardiogram 

• Normal pulmonary artery pressure/resistance 

• No conduction disturbance other than right bundle branch block 

• No arrhythmias (especially ventricular) in 24-hour ECC 
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One year after patch closure, a VSD without a residual shunt no 
longer requires endocarditis prophylaxis. 


ATRIAL SEPTAL DEFECTS 

Patent Foramen Ovale (PFO) with or without Atrial Septal 
Aneurysm (ASA) 5,6 

In 25-30% of humans, the foramen ovale remains open without 
hemodynamic consequences (as long as no complex congenital 
heart defects exist), and no primary pathological findings need to be 
considered. There is an association between cerebral ischemia of 
"unknown etiology" and the existence of PFO in younger patients 
under the age of 50-55, although paradoxical embolism or the ful¬ 
fillment of a variety of diagnostic criteria are rarely evident. Other 
sources of emboli (arrhythmias, atherosclerosis of the aorta or carotid 
arteries, left heart disease) are less common in this age group. The 
current examination method of choice is trans-esophageal echocar¬ 
diography with contrast for the assessment of right-to-left shunt and 
the size of the defect during Valsalva or cough. On the basis of the 
high recurrence rate of emboli (3-4% per year), secondary preven¬ 
tion is necessary. The choice of therapeutic strategies is debatable: 
medical treatment with ASA or anticoagulation, incurring a risk of 
bleeding from anticoagulation, results in an annual thromboem¬ 
bolism recurrence rate between 1.9 to 14%, precluding aeromedical 
certification. Surgical PFO closure is a technically developed and 
safe intervention, which carries a very low embolism recurrence rate 
in selected patients. In specialty centers today, catheter procedures to 
effect PFO closure with a PFO closure device under angiography and 
echocardiography guidance in the cath lab carries a relatively low 
risk and has a high success rate (complete closure in 98% of cases after 
one year), and is preferred over open heart surgery once CAD has 
been excluded. Prospective controlled studies comparing PFO clo¬ 
sure with conservative therapy are underway. Complications (about 
1%) are embolism from device fragments, thrombus formation on the 
closure devices, and more rarely endocarditis. Supraventricular rhythm 
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disturbances or atrial fibrillation appears in up to 10% of cases early 
after intervention and usually resolve spontaneously. Thereafter, med¬ 
ical treatment consists of ASA and, initially, additional clopidogrel. 
Recurrent emboli occur at a rate of 0-2% per year, but usually not 
with complete closure. Restricted certification may be possible, at 
the earliest six months after cessation of treatment with ASA. 

OSTIUM SECUNDUM DEFECT (ATRIAL SEPTAL 
DEFECT, ASD II) 

ASD II, at 70%, is the most common atrial septal defect, and lies in 
the area of the fossa ovalis in the middle atrial septum. Women are 
affected three times more often than men. 

Echocardiographic examination is required to look for accom¬ 
panying congenital anomalies such as mitral valve prolapse, pul¬ 
monary stenosis, and mitral stenosis (TEE). Initial symptoms 
(performance limitation, dyspnea on exertion, cough) appear in 
relationship to the size of the defect and usually occur in late youth 
or early adulthood. Commonly, there is a systolic (pulmonic) heart 
murmur with splitting of the second heart sound in childhood, and 
the ECG shows an incomplete (80%) or rarely a complete RBBB and 
right axis deviation. 

40% of affected individuals develop pulmonary vascular disease 
before turning 40. Morbidity and mortality clearly rise after age 40, 
caused by right heart insufficiency and pulmonary hypertension. 
Diagnosis is made with trans-esophageal echocardiography with 
contrast. Isolated ASD II carries a very low risk of endocarditis, and 
prophylaxis is not necessary. 

Small ASD II with a left-to-right shunt < 1.5:1 and a normal RV vol¬ 
ume carries an excellent prognosis and should not be surgically closed. 
In as much as there are no accompanying congenital anomalies and 
absent pulmonary hypertension, unrestricted Class I and II certification 
is possible. If the possibility of a paradoxical cerebral embolus exists 
through increased pressure in the right atrium via the right-left shunt 
(coughing, Valsalva, diving), this singular defect can be closed without 
cardiac surgery through a heart catheterization procedure. Medical 
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fitness for certification must then be determined on an individual 
basis in consultation with an experienced cardiologist (see PFO). 

A larger ASD II with a shunt >1.5:1 (>10 mm) should be closed as 
soon as possible (preferably before the fifth to tenth year of life), as 
long-term results are better. Medical certification is usually possible. If 
closure occurs prior to the age of 24, life expectancy is not much less 
than for a comparable normal person. Delayed surgery, which also car¬ 
ries a good long-term prognosis, may give rise to age-related problems 
such as increasing supraventricular rhythm disturbances and a risk of 
fatal cerebrovascular events, 7 so that certification may no longer be 
possible. The risk of late arrhythmias makes regular cardiology exami¬ 
nations necessary whether surgery/intervention has occurred or not. 

OSTIUM PRIMUM DEFECT (ASD I) 

Ostium primum defect, with a frequency of 15% of all ASD's, lies in 
the lower portion of the septum at the level of the AV valve. It is fre¬ 
quently associated with split formation of the anterior mitral leaflet, 
resulting in mitral insufficiency, and is a part of the complex of AV 
channel defects (as a rule, surgery is carried out in infancy). The ECC 
typically shows a pathological, extreme left axis deviation. 

The risk of sudden cardiac death, even after surgical repair, cannot 
be clearly defined. With the frequently associated rhythm distur¬ 
bances, the 10-year survival rate is only about 80%. This is not com¬ 
patible with medical certification for flying. In individual cases, 
certification with limitation Class I OML can be considered if, after 
surgical correction, there has been no significant Ml, no conduction 
disturbance or other heart rhythm disturbance, no residual shunt, and 
normal pulmonary vascular resistance. 2D echocardiography must be 
performed at least annually, and supplemented with trans-esophageal 
echocardiography and 24-hour I—loiter ECG, if necessary. 

SINUS VENOSUS DEFECT 

Sinus venosus defect, 15% of all ASD's, lies near the vena cava's 
superior entry into the right atrium, and is almost always associated 
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with an abnormal location of the entry of the pulmonary vein. The 
main problem is the high incidence of heart rhythm disturbance, 
which is not reduced by surgery, but rather increased. With small 
defects where surgery is not indicated, limited certification for Class I 
OML can be considered, if no relevant or complex sinus node or 
conduction defects exist. Surgical correction normally rules out cer¬ 
tification, unless multiple 24-hour ECG's do not disclose significant 
heart rhythm disturbances. At least annually, 2D-Doppler echocar¬ 
diograms and multiple 24-hour ECG's are necessary. 

PATENT DUCTUS ARTERIOSUS (BOTALLI) 

The fetal connection between the pulmonic artery and the thoracic 
descending aorta remains patent in 10% of live births. In 15% 
of these cases, further congenital anomalies such as ASD, VSD, 
coarctation of the aorta, aortic/pulmonic stenosis, bicuspid aortic 
valve and aortic root disorder exist, which can become aeromedical 
problems. 

The diagnosis is usually made in infancy. Girls are two to three 
times more often affected than boys. Because of the significant risk of 
endocarditis (10%), nearly all defects, even small ones, are closed 
(usually with interventional coils/spirals, etc.) One year after com¬ 
plete closure, endocarditis prophylaxis is no longer necessary. 
A closed defect is compatible with unlimited certification. Small 
patent defects in adulthood may be compatible with limited certifi¬ 
cation (OML), provided a cardiovascular evaluation rules out other 
congenital defects. 

COARCTATION OF THE AORTA (AORTIC ISTHMUS 
STENOSIS (see Figure 13 of Chapter 12) 

This narrowing of the aorta lies between the departure of the left sub¬ 
clavian artery and the beginning of the descending thoracic aorta. 
Depending on the severity, symptoms may appear in infancy (often 
together with other congenital anomalies) or, in the event of less pro¬ 
nounced isolated coarctation, in adulthood (up to 20%). Symptoms 
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include headache, dizziness, pressure sensation, nose bleeds, rapid 
fatigability of the legs, and cold feet. The time of diagnosis has a 
significant impact on the prognosis and is therefore aeromedically 
relevant. 

Typically, the blood pressure and pulse are different between 
upper and lower body parts, identifiable by pressure measurements 
in the arms and legs at rest and, if necessary, after exercise. On aus¬ 
cultation, a mid-systolic murmur is typically heard left of the spinal 
column between the shoulder blades. In children, the diagnosis is 
confirmed by echocardiography in the suprasternal region, and in 
adults by trans-esophageal echocardiography. Severe grade and 
extent of the lesion in adults can best be determined by spiral CT or 
MRA. Accompanying congenital anomalies include bicuspid aortic 
valves (30%) and cerebral aneurysms. 

Therapy consists of the established techniques of surgical elimi¬ 
nation of the stenotic isthmus with end-to-end anastamosis as soon 
as possible at a young age, as well as balloon dilatation. The surgi¬ 
cal choice is more traumatic and can result in injury to the spinal 
cord arteries, resulting in paraplegia. Intervention is fraught with the 
problem of the appearance of aneurysms in the dilated segment 
even long after intervention. In case of re-stenosis following surgery 
(>30 mmHg pressure gradient), intervention together with a stent is 
the method of choice. 

For long-term survivability, the deciding factor is age at therapy. 
If corrected before 14 years of age, the 20-year survival rate is about 
91%. The best survival rates occur in patients who are operated on 
prior to age nine. 8 In another study, the 30-year survival rate was 92% 
when surgery was performed between four and 20 years of age. 9 
The rate of post-operative persistence or partial appearance of arte¬ 
rial hypertension at rest or after exercise increases with age at 
surgery (and is 40% if surgery occurs after age 16). 

Due to the early onset of arterial hypertension of the upper body, 
a premature and accelerated process of atherosclerosis develops, 
with the consequences of CAD, sudden cardiac death, cardiac insuf¬ 
ficiency, cerebral vascular events, and aortic aneurysms (dissection and 
rupture). These aeromedically significant risks should be considered 
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when post-surgery/intervention of coarctation of the aorta is being 
evaluated. 

Applicants who have had therapy prior to the age of 14, have no 
restenosis, are normotensive at rest and during exercise, and have no 
associated congenital heart anomalies, may obtain unrestricted certi¬ 
fication. With delayed correction, limited certification OML Class I 
and OSL Class II can be offered. Closely spaced blood pressure, 
echocardiography, and screening examinations looking for significant 
CAD are necessary. 

PULMONARY STENOSIS (PS) 

Depending on the location of the obstruction in the right ventricular 
outflow tract, the most common valvular pulmonic stenosis can be 
distinguished from that of subvalvular (infundibular) and supravalvu¬ 
lar PS, the latter of which is most often combined with other con¬ 
genital anomalies, such as VSD, tetralogy of Fallot, or pulmonary 
atresia. In the case of valvular and infundibular PS (fibromuscular 
ring of myocardial hypertrophy), one finds a defect in the atrium in 
75% of cases as a patent foramen ovale (PFO) or ASD II, often incor¬ 
rectly depicted as tetralogy of Fallot. By auscultation, a loud 2/3 
systolic ejection murmur can be heard. PMI is audible parasternally. 
At elevated pressures, the ECC shows P pulmonale in the RV, 
extreme right axis deviation, and signs of RV hypertrophy, which 
correlates with degree of severity (Fig. 1). 

At the initial examination for medical certification, trans-esophageal 
echocardiography is the examination of choice. 

Isolated valvular PS with a maximal systolic pressure gradient 
<50 mmFHg most commonly remains minimally symptomatic or 
asymptomatic without therapy into adulthood, and does not tend to 
progress after the age of 20. The prognosis is very good. 10 At a maxi¬ 
mal gradient of <20mmHg, unlimited certification for all classes is 
possible, as long as no RV hypertrophy exists on echocardiography. 
At a pressure gradient of 20-30 mmHg, limited certification OML 
Class I is possible. At a gradient <25, 96% remain free of intervention. 
Annual 2D-Doppler echocardiography with evidence of stability 
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Figure 1 . ECC in severe pulmonary stenosis or primary pulmonary hypertension 
with right ventricular hypertrophy. 


is required (only 25% progression). In the case of limited echocar¬ 
diography, another imaging technique such as cardiac MRI or spiral 
CT should be utilized. 

Valvulotomy 11 is indicated with higher grade symptomatic pul¬ 
monary stenosis (pressure gradient >30mmHg). Intervention with 
pure valvular PS or surgery with accompanying defect is best per¬ 
formed prior to school age. The long-term course with regard to 
re-stenosis or sudden cardiac death is very good. In the case when 
the post procedural maximal gradient is <30 mmHg, unrestricted cer¬ 
tification can be obtained. Following valvulotomy, 50% of cases 
develop significant pulmonary valve insufficiency with chronic 
volume overload of the RV. So far as this is not determined by 
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echocardiography, such a pilot can, for example, first be identified by 
ventricular extrasystoles and salvos, which develop due to chronic 
right heart damage. Therapy in the asymptomatic stage is unclear. 
Medical certification should then be determined on an individual 
basis, as long-term data are absent. Although endocarditis is uncom¬ 
mon, lifelong prophylaxis is usually recommended. 

Supraventricular PS as a rule leads to disqualification, whereas a 
corrected infundibular stenosis may be compatible with certification. 

AORTIC AND SUBAORTIC STENOSIS 

Bicuspid aortic valves and their consequences have been discussed 
previously. Regarding mild congenital aortic stenosis (often abnor¬ 
mally developed fibrosed or fused valves) with maximal systolic gra¬ 
dient <30mmHg, absent LV hypertrophy, and good systolic function 
corresponding to performance of the acquired AS, unlimited certifi¬ 
cation is possible. 

Pediatric non-calcified, high-grade AS is treated with balloon 
valvuloplasty. It is not unusual for re-stenosis to occur later in life, 
and aortic insufficiency may result as a consequence of valvulo¬ 
plasty. Further interventions are necessary in 10-18% until age 15. 
This problem entails disqualification. 

Isolated subaortic stenosis, which is caused by a circular or 
semi-circular membrane beneath the valve, is conspicuous by its 
typical murmur. This stenosis can be rapidly progressive in chil¬ 
dren and young adults. As long as no significant gradient exists, 
the aortic valve is morphologically normal, and left ventricular 
wall thickness and function are normal, certification is possible. 
Frequent echocardiographic examinations are necessary. 
Significant obstruction in the left ventricular outflow tract must be 
treated surgically. An extensive excision can lead to conduction 
disturbances, aortic insufficiency, or LV dysfunction; even VSD 
can develop. Such cases are incompatible with medical certifica¬ 
tion. In cases with minor intervention and a good postoperative 
result, where good long-term results can be expected, certification 
may be possible. 
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TETRALOGY OF FALLOT (Fig. 2) 

The most common cyanotic congenital heart defect, the tetralogy of 
Fallot, consists of a combination of pulmonary stenosis (usually 
infundibular), high riding VSD, and over-riding aorta as a conse¬ 
quence of the dextroposition of the aorta. The degree of severity of 
the tetralogy is determined by the obstruction in the right ventricular 
outflow tract. Survival into young adulthood without corrective sur¬ 
gery is possible, but due to the high mortality rate, it rules out any 
possibility of certification. 

The goal of therapy today is primary surgical correction as early 
as possible with a patch of the VSD, resection of the hypertrophic 
infandibular musculature, and commissurotomy of a possible PS. In 
the absence of residual defects following long-term evaluations, the 
statistical survival rate over 30 years is very good, albeit somewhat 
less (86%) in comparison to healthy individuals (96%). 12 After sur¬ 
gical correction and valvuloplasty, many patients have significant 
pulmonary valve insufficiency, which is generally well tolerated 
over years or decades, even if the spirometric cardiopulmonary 
performance is reduced and the increase in heart rate with exertion 
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Figure 2. Schematic diagram of Tetralogy of Fallot. 
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is inadequate. With worsening symptoms, RV dilatation and RV 
dysfunction eventually necessitates a pulmonic valve replacement 
via a homograft. 

Incidence of sudden cardiac death is as high as 0.46% per year. 
On the basis of renewed evaluations of 490 long-term patients, the 
main cause of sudden cardiac death is VT or ventricular fibrillation. 13 
Predictors for death and VT are surgery prior to 1970, high preoper¬ 
ative hematocrit, a patch in the right ventricular outflow tract, QRS 
length >180 ms, chronic RV enlargement, non-sustained VT, late 
potentials, RV dysfunction, RVOT obstruction, pulmonary insuffi¬ 
ciency, and the choice of surgical timing. The incidence of sudden 
cardiac death increases postoperatively (after 25 years it is 0.94% per 
year); frequent evaluation is therefore recommended. 

On this background, the risk of late sudden cardiac death in 
asymptomatic, fully active individuals who were operated prior to 
the age of 12 and who have no hemodynamic problems, is accept¬ 
able under the 1 % rule, so that limited certification OML Class I and 
OSL Class II is possible. Frequent cardiology examinations are indi¬ 
cated. With the appearance of risk factors for VT/sudden cardiac 
death during, certification must be revoked. 

Many cardiac examinations are necessary during follow-up after 
complex cardiac surgery: ECC, chest X-ray, echocardiography, MRI 
(RV-Volume size and degree of pulmonary insufficiency), as well as 
electrophysiological studies and spiro-ergometry. 14 

On the basis of the current increases in longevity and improve¬ 
ments in surgical techniques, restricted medical certification may be 
possible in rare individual circumstances following correction of 
complex congenital heart anomalies; this requires that the anatomi¬ 
cal, functional, and electrophysiological status be determined in 
specialty centers in order to assess individual risk. 

REFERENCES 

1. Deanfield JE. (2003) The task force on the management of grown up 

congenital heart disease (GUCH) of the European Society of Cardiology. 

Eur Heart J 24: 1035-1084. 



388 


I. Janicke 


2. Murphy JG, et al. (1989) The late survival after surgical repair of isolated 
ventricular septal defect (VSD). Circulation 80(Suppl II): 11-490 (abstr.). 

3. Allen HD, et al. (1974) Postoperative follow-up of patients with ventricular 
septal defect. Circulation 50: 465-471. 

4. Blake RS, etal. (1982) Conduction defects, ventricular arrhythmias, and 
late death after surgical closure of ventricular septal defect. Br Heart J 
64: IV-227. 

5. Nicholas A, et al. (2001) How should patients with patent foramen 
ovale be managed? Heart 85: 242-244. 

6. Meier B. (2005) Closure of patent foramen ovale: Technique, pitfalls, 
complications, and follow-up. Heart 91: 444-448. 

7. Magilligan DJ Jr, et al. (1978) Late results of atrial septal defect repair in 
adults. Arch Surg113: 1245-1247. 

8. Cohen M, et al. (1989) Coarctation of the aorta: Long-term follow-up 
and prediction of outcome after surgical correction. Circulation 80: 
840-845. 

9. Presbitero P, et al. (1987) Long-term results (15-30 years) of surgical 
repair of aortic coarctation. Br Heart J 57: 462-467. 

10. Nugent EW, et al. (1977) Clinical course in pulmonary stenosis. 
Circulation 56: 1-38-47. 

11. Kann JS, et al. (1982) Percutaneous balloon valvuloplasty: A new 
method for treating congenital pulmonary valve stenosis. N Engl J Med 
307: 540-542. 

12. Murphy JG, et al. (1993) Long-term outcome in patients undergoing 
surgical repair of Tetralogy of Fallot. N Engl J Med 329: 593-599. 

13. Nollert C, et al. (1997) Long-term survival in patients with repair of 
Tetralogy of Fallot: 36-year follow-up of 490 survivors of the first year after 
surgical repair. J Am Coll Cardiol 30: 1374-1383. 

14. 32nd Bethesda-Conference: "Care of the Adult with Congenital Heart 
Disease." J Am Coll Cardiol 37: 1162-1198. 



Chapter 16 


Vascular Diseases and Disorders 


Use Janicke* 


AORTIC ANEURYSMS, MARFAN SYNDROME, 

AND RELATED DISORDERS 

Medical provisions (ICAO Standards and Recommended Practices, 
Annex 1): There shall be no significant functional nor structural 
abnormality of the circulatory system. 

Medical Requirements (JAR-FCL 3): Applicants with aneurysm of the 
thoracic or abdominal aorta, before or after surgery, shall be assessed 
as unfit Applicants with aneurysm of the infra-renal abdominal aorta 
may be considered by the AMS. Unoperated infra-renal abdominal 
aortic aneurysms may be considered for restricted Class I or Class II 
certification by the AMS if followed by six monthly ultrasound scans. 
After surgery for infra-renal abdominal aortic aneurysm without 
complications, and after cardiovascular assessment, restricted Class I 
or Class II certification may be considered by the AMS, with follow¬ 
up approved by the AMS. 

In the realm of aeromedical qualification, particular attention 
should be paid toward true aneurysms, which can appear in sacci¬ 
form or fusiform versions. The main etiology of aortic aneurysms 
(70-90% of cases) is arteriosclerosis, followed by idiopathic median 
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necrosis in 8-10% of cases. Inflammatory (such as syphilitic) 
aneurysms are rare. The most common location is in the abdominal 
aorta (68%, in which 95% are infrarenal), followed by the ascending 
aorta and the arch (22%). 

THORACIC AORTIC ANEURYSM INCLUDING 
MARFAN SYNDROME 

The ascending aorta has a diameter of 3-3.5 cm and is visible by 
echocardiography to within 2 cm of the base of the heart. An 
increase in the aortic root to 4.0-4.5 cm heightens the risk of dis¬ 
section, rupture and peripheral embolism and is therefore disqual¬ 
ifying for all classes of medical certification. Surgery is indicated 
when the condition is symptomatic or when the diameter is > 5 cm 
(mortality to 1 3%) or when an increase in diameter of > 0.5 cm per 
year can be demonstrated. Most aneurysms related to atheroscle¬ 
rosis appear later in life in association with the risk factors of arte¬ 
rial hypertension, diabetes, and smoking. The five year mortality is 
about 35% of all operated patients and is caused by accompany¬ 
ing CAD or rupture of the aneurysm. 1 Younger pilots with normal 
blood pressure and who do not smoke are usually not affected by 
this disease. 

At younger ages, cystic medial necrosis Erdheim-Csell (focal 
degeneration of smooth muscle/disintegration of the elastic fibers 
through gene mutation) is typical for the aneurysms associated with 
the congenital connective tissue disorders of Marfan and Ehlers- 
Danlos syndromes (autosomal dominant with variable expression). 
A variety of distinctive features are evident (aortic disease, intraocular 
lens dislocation, arachnodactyly, and familial or sporadic occurence 
of the disorder). Prevalence is 1.5/100000, and males are more 
affected than females (2:1). Because of the risk of progression to 
aortic/mitral insufficiency, acute aortic dissection or aortic rupture, 
this is permanently disqualifying for all classes of medical certifica¬ 
tion. Despite successful surgery, the long term prognosis is not favor¬ 
able, therefore permanent disqualification is the rule: Marfan 
syndrome carries a five year survival rate of 75%, and the ten year 
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survival rate is only 56%. 2 On the basis of variable expression, Marfan 
syndrome includes the so-called forme fruste, in which case the 
diameter of the vessel remains within normal range, but eventually 
significant aortic or mitral insufficiency develops. In as much as the 
great vessels and those of the heart remain within normal range, both 
Classes I and II certification are possible if annual cardiology exami¬ 
nations demonstrate stability (echocardiography, X-rays, MRI). 

Abdominal Aortic Aneurysm (AAA) 

Abdominal aortic aneurysm is defined as a maximal cross sectional 
diameter of > 2.5-3.0 cm, or associated with a ratio of dilated 
segment to normal aorta > 1.5. It is usually an incidental finding in 
asymptomatic individuals, such as in the case of a sonographic eval¬ 
uation of elevated liver enzymes. In 30-50% of cases, the aneurysm 
extends into the pelvic arteries. The etiology in > 90% of cases is gen¬ 
eralized atherosclerosis. In the last 30 years, the incidence has 
increased 10-20 times, the prevalence lies between 2.5 and 5%, and 
is > 8% in men over 50 years of age. Men are affected four times 
more often than women. The following risk factors entail a likelihood 
of a silent aneurysm which is significantly greater than in the normal 
population: 

• First-degree relative with aneurysm 

• Pre-existing peripheral arterial vascular disease (-14%) 

• Arterial hypertension (-11 %) 

• Age > 60 and with prior vascular risk factors. 

Most aneurysms become larger with time, on the average 0.2-0.3 cm 
per year. The rate of growth depends, among other things, on the 
initial diameter. Complications are fatal rupture, embolism and 
thrombotic aortic occlusion. The average rupture rate is cited as 
6-8% every 5-10 years, and is dependent on size. At > 6.0 cm diam¬ 
eter, the rupture rate is about 50% per year. There is no indication for 
surgery if the diameter is < 5 cm, due to the low complication rate 
(< 6.0 cm or about 15% per year). 
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Aeromedical Considerations 

Aeromedical significance and the overwhelmingly asymptomatic 
presentation of AAA indicates that male pilots > 50 years of age with 
arterial vascular disease should undergo screening examinations by 
sonography, CT, or MRI. Identified aneurysms entails disqualification. 
Limited certification may be possible for Classes I and II under the 
following conditions: 

• If < 5.0 cm, semi-annual sonographic examinations. 

• Treatment of hypertension, particularly with /3-blockers. 

• Due to the high correlation with CAD (about 40-50%), noninvasive 
and, if necessary, invasive coronary artery diagnostic examinations. 

• In cases of rapid growth > 0. 5 cm in 6 months or diameter > 5 cm, 
surgical intervention and renewed disqualification. 

Concerning therapy, the pilot's cooperation is important: conven¬ 
tional Y-prosthesis has shown good long term results based on >30 
years experience whereas transfemoral stent graft implantation has 
been marred by not insignificant complications, such as wire frac¬ 
tures, secondary leakage, etc., and the experience with long term 
results is limited. After successful surgery, medical certification can 
be renewed with limitations. Blood pressure should be normal at rest 
and during exercise, and stress ECG testing should be normal. 
Following Y-prosthesis implantation, regular ultrasound examinations 
of the abdominal aorta is required. After transfemoral stent graft 
implantation, frequent X-ray examinations (X ray of the vertebral col¬ 
umn, spiral or helical CT with contrast in 5 mm sections, peripheral 
Doppler pressure testing, etc.) is necessary. 

PERIPHERAL ARTERIAL (OCCLUSIVE) DISEASE (PA(O)D) 

ICAO Standards and Recommendations: There shall be no significant 
functional nor structural abnormality of the circulatory system. 

Medical Requirements (JAR-FCL 3): Applicants with peripheral arterial 
disease before or after surgery shall be assessed as unfit Provided 
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there is no significant functional impairment, a fit assessment may be 
considered by the AMS (following noninvasive, and if necessary, 
invasive clarification of CAD). 

Arterial occlusive disease encompasses stenotic and occlusive 
changes of the aorta, extremities, and cerebral vessels. Asymptomatic 
PAD is three times more common than symptomatic disease. This is 
aeromedically relevant, in that PAD is an indicator for atherosclerotic 
changes in the coronary and cerebral arterial vasculature. Patients 
with symptomatic or asymptomatic PAD (between 55 and 74 years 
of age, prevalence is 5-10%) have an increased risk of experiencing 
stroke, heart attack, or sudden cardiac death (incidence 1-3% per year). 
Atherosclerosis causing PAD is positively correlated with the male 
gender, age, diabetes, smoking, hypertension, hyperlipoproteinemia, 
and hyperfibrinogenemia. Smoking is the determining risk factor. 
Male patients with PAD have a reduced life expectancy of 10 years 
and usually die of cardiovascular events. 

Arterial Occlusive Disease: Screening 
and Secondary Examinations 

In addition to a history of claudication, which pilots often withhold, 
corresponding risk factors obligate an evaluation of the status of the 
peripheral pulses (particularly in the feet) and auscultation of vascu¬ 
lar sounds in the typical locations. Cessation of stress testing due to 
leg pain should lead to suspicion of PAD. The simplest instrument for 
evaluating concerns regarding PAD is Doppler pressure measure¬ 
ment (ABI = Ankle Brachial Index), such as with a pocket Doppler: 
after 15 minutes of rest, a supine patient has blood pressure cuffs 
placed on both arms and both legs (supramalleolar), and the systolic 
occlusive pressure is measured with a Doppler probe at the brachialis 
artery, tibialis posterior, and anterior arteries. Proof of PAD lies in the 
ratio of ankle arterial pressure/arm arterial pressure, which should 
be <0.9. This ABI is a very good predictor for mortality. Stress 
testing and imaging examinations necessarily follow. Initial diagnosis 
of PAD requires the following laboratory tests: complete blood count 
(polycythemia, thrombocytosis, blood sugar, both fasting and post¬ 
prandial, HbAlc, urinanalysis, and lipid profile. 
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If PAD is discovered, a complete cardiovascular status report 
with stress ECG testing/scintigraphy and/or stress echocardiography is 
necessary. Coronary artery changes are found by angiography in 
about 70% of patients with PAD. 3 If claudication pain limits stress 
ECG testing, other methods of evaluation, such as pharmacological 
scintigraphy/stress echocardiography, or one of the new imaging 
techniques (multi-slice CT, Cardiac MRI) should be undertaken. The 
decision to perform a coronary angiogram should be made early. 

Due to the high co-morbidity with cerebral arterial vascular 
disease (30-40%), a color duplex sonogram of the carotids should be 
undertaken. Of significance is the sonographically measured intima- 
media thickness at the maximal wall thickness (normal < 0.9 mm) 
due to the association with stroke and heart attack. 4 Significant cerebral 
arterial vascular disease is disqualifying for all classes. 

THROMBOSIS, PULMONARY EMBOLISM 
AND ANTICOAGULATION 

Medical Requirements (JAR-FCL 3): Systemic anticoagulation therapy 
is disqualifying. Applicants following anticoagulant therapy require 
review by the AMS. Venous thrombosis or pulmonary embolism is dis¬ 
qualifying until anticoagulation has been discontinued. Pulmonary 
embolus requires full evaluation. Anticoagulation for possible arterial 
thromboembolism is disqualifying. 

Thrombosis (DVT), Pulmonary Embolism, and Flight Fitness 

The incidence of acute deep leg or pelvic venous thrombosis is 
6/100 000. The absolute risk of thrombosis in individuals under 40 
years of age amounts to 1:10000, and for those over 75 years, 1:100. 
The mortality rate is 0.6%. 90% of thrombotic events are asympto¬ 
matic. Asymptomatic pulmonary emboli and thrombosis extension 
appear in about 1% of cases, and is the main complication. 
Predisposing factors are trauma, surgery, malignancy, thrombophilic 
diseases, pregnancy, hormone therapy, varicosities, obesity, and prior 
history of thrombosis. 
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Diagnosis: Symptomatic and clinical signs of thrombosis are rela¬ 
tively sensitive, but quite unspecific. The determination of the D-dimer 
concentration (normal < 500 mcg/l, rapid test simliRED® 5 ) rules out 
the presence of thromboembolism with a high probability. In positive 
cases (limited specificity), a duplex scan in experienced hands or the 
gold standard of phlebography is helpful. In the case of suspected 
pulmonary embolism, the method of choice is the spiral CT. Ventilation- 
perfusion scans or pulmonary angiography are necessary only in 
individual cases. 

Consequences for pilots: Venous thrombosis followed by 
pulmonary embolism is rare in young healthy pilots. Regarding 
recurrence, the etiology of the DVT should be sought for aeromed- 
ical considerations. A positive diagnosis requires anticoagulation 
with warfarin, phenprocoumon, or similar medications. Prior 
to therapy, laboratory evidence for the not uncommon throm- 
bophilic diseases should be undertaken, upon which the length of 
therapy depends. All classes are disqualified during therapeutic 
anticoagulation. 

In the case of a suspected or proven pulmonary embolism, a 2D 
Doppler-echocardiogram, or if necessary, a right heart catheteriza¬ 
tion should be performed in order to determine that there is no evi¬ 
dence of pulmonary artery hypertension (systolic < 30 mmHg). 
Pulmonary hypertension, whether primary or secondary, with an 
average pressure > 40 mmHg, is permanently disqualifying for all 
classes. 

Due to a recurrence rate up to 8% in the first year (2% after the 
third year), recertification may be limited to OML or OSL restrictions 
in the first two years on the discretion of the AMS. Regular cardio¬ 
vascular evaluations including echocardiography, initially every 
six months, followed by annually, is required. 

Traveler's Thrombosis 

Reports about spectacular fatalities during or after long haul flights in 
the last few years has lead to a renewed, lively, and partially exag¬ 
gerated discussion in the lay press, resulting in confusion among 
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passengers and physicians. What the actual data looks like with 
regard to this so-called economy class syndrome, more accurately 
called Traveler's Thrombosis, and the recommendations that can be 
given at this time, is described as follows. 

Definition: Traveler's Thrombosis arises from a deep vein throm¬ 
bosis (DVT), which can occur up to four weeks after traveling in a pri¬ 
marily seated position (airplane, train, automobile), with or without 
pulmonary embolism. If the travel occurs after several hours on an air¬ 
plane, it is called air traveler thrombosis. Currently, there are several 
studies regarding this topic. 

Pathophysiology: Regarding causes for this air and travel throm¬ 
bosis, the following items are discussed: 

• Kinking of the popliteal vein in the popliteal fossa with lengthy 
seated position (venous stasis). 

• Dehydration through significantly low humidity in the cabin 
(8-12%), fostered by alcohol and caffeine, through which more 
fluid is lost by way of diuresis. 

• Decreased partial pressure of oxygen in the cabin (2000-2500 m 
in elevation) may reduce fibrinolytic activity, and by the release 
of EDRF/NO, facilitate vasodilatation and stasis, 6,7 while other 
studies show no significant effect of hypoxia on the coagulation 
parameters in the general population. 8 

Data: In 1954, two thrombosis cases following long flights of 
over eight hours were first reported. Until 1999, the only reports 
were exclusively case reports or retrospective studies concerning 
about 200 cases of flight-associated thrombosis. 9 More studies since 
1999 have investigated the relative risk of long flights and the value of 
compression stockings. The LONFLIT 1 and 2 studies merely showed 
an incidence of 4-6% for DVT in high-risk groups (with predisposing 
factors, see below) after over 10 hours flight. 10 A few studies showed 
no association between flight and thrombosis, while others showed 
a strong association. 11 The FONFFIT 4 study demonstrated a signifi¬ 
cant reduction of edema and DVT in the low and moderate risk fac¬ 
tor group for DVT, and in those individuals with edema, a lower rate 
of microangiopathy. 12 
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Current consensus: At a WHO conference, it was determined 
that an association between long haul flights and thrombosis is pos¬ 
sible according to the current data, but that it is a weak correlation. 
This association particularly concerns people with predisposing 
factors (see above). Further prospective studies to determine the 
thrombosis risk associated with flight involving satisfactory numbers of 
passengers are currently underway. For passengers and airline compa¬ 
nies, important consequences may be determined, such as the dis¬ 
tance between seat rows and liability issues. 

Current Recommendations 

(1) For trips less than three hours duration or under 2500 km, no 
intervention is necessary. 

(2) Without additional risk of thrombosis, the following is recom¬ 
mended for longer trips: foot and ankle circles, isometric exercises, 
frequent standing, drinking 150 ml fluids/hour (no alcohol or 
coffee), and avoid taking sedatives. 

(3) With one or more additional risk factors for thrombosis, depend¬ 
ing on the risk profile: additional to (2), compression stockings 
Classes I—II. 

(4) High-risk individuals (prior thrombosis, malignancy, thrombophilic 
diseases, major surgery in the preceding six weeks), low molecular 
weight heparin in higher dose subcutaneously two hours prior to 
departure. On the basis of the current studies, there is no indica¬ 
tion to use Aspirin® for the prevention of venous thromboem¬ 
bolism. Many airline companies are passing out related 
information with their tickets, or providing further information on 
their web sites. 
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Rudiger Schwartz* ,+ and Jorg Draeger + 


INTRODUCTION 

Over 90% of flight-relevant information comes to the pilot through the 
eye, making it the most important sensory input system for aviators. 
Despite technological advances in aircraft engineering and informa¬ 
tion technology, nothing has changed in that regard. On the contrary, 
research is being undertaken to transfer even more flight-relevant 
information from the aural into the visual realm. With the introduction 
of "fly-by-wire" technology, even residual mechanical input is slip¬ 
ping away; neither stick pressure nor power setting changes are 
noticeable by feel or hearing when the Flight Management System 
(FMS) activates its programmed settings, whereas a glance at the pri¬ 
mary FMS display provides the pilot with decisive information regard¬ 
ing the functional conditions and flight profile of the aircraft. 1 
Developments in recreational flying are heading in the same direc¬ 
tion, with display panels becoming similar to those of corporate air¬ 
craft. Even high performance airplanes, although not flown by an 
FMS, nonetheless have relatively large instruments displays that are 
not only designed for navigational purposes but are also linked to 
flight data recorder information. The pilot can only utilize the dis¬ 
played information if he can discern the information precisely. 
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This chapter does not deal with the cognitive side of signal pro¬ 
cessing, but rather with the optical. The eyes produce an unambiguous 
signal image, which is transmitted to the optical cortex for interpreta¬ 
tion and reaction. As in all of our sensory systems, a certain stimulus 
size must be exceeded in order to be perceived. In physiology, this is 
termed "threshold." This does not necessarily have to do with energy 
levels, such as the quantum amount required to sense light, but rather 
with the resolution limits for distinguishing geometric patterns. On the 
one hand, the cockpit signals must be designed such that they exceed 
the threshold for perception, and on the other hand, the receptor (the 
eye) and its performance must meet regulatory standards. 

The concept of visual acuity encompasses many aspects and 
must therefore be narrowed down. 

"Point visual acuity" is defined as the ability to discriminate a single 
point. This can be important in aviation, such as when a distant air¬ 
craft can be discerned as only a point. In clinical practice, however, 
point visual acuity is not measured quantitatively. 

"Visual acuity of separation," or minimum angle of resolution, 
describes the ability to discriminate two closely neighboring points 
as separate. This is the conclusive criterion for signal perception. 

"Visual acuity of localization" is defined as the smallest recog¬ 
nizable change in spatial relationships between two objects. An 
example is the so-called "nonius" visual acuity, demonstrated by the 
ability to place one vertical line precisely on top of another line, such 
as is used in calipers with a vernier scale. It is possible to determine 
inaccurate positions at less than 10 seconds of arc. 

"Visual acuity of recognition" (minimum legible acuity): the point 
at which an object can be perceived as such. This is within the realm 
of cognition. 

The resolution of the eye is the visual acuity of separation as 
given by the smallest angle subtended by two points still visible as 
separate. This angle is called the "minimum angle of resolution" 
(MAR) and is measured in minutes of arc. The visus is defined as the 
reciprocal of this threshold angle, measured in minutes of arc. Visus 1 
means the MAR is one minute, visus 0.5 means the MAR is two 
minutes, etc. Sometimes, the log 10 form of MAR is used. 
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Relationship between Snellen notation, MAR, logMAR, and 
decimal notation: 


Snellen Notation 

Metric Imperial 

MAR 

logMAR 

Decimal 

6/60 

20/200 

10 

1.0 

0.10 

6/48 

20/160 

8.0 

0.9 

0.13 

6/38 

20/125 

6.3 

0.8 

0.16 

6/30 

20/100 

5.0 

0.7 

0.20 

6/24 

20/80 

4.0 

0.6 

0.25 

6/19 

20/60 

3.2 

0.5 

0.32 

6/15 

20/50 

2.5 

0.4 

0.40 

6/12 

20/40 

2.0 

0.3 

0.50 

6 / 9.5 

20/30 

1.6 

0.2 

0.63 

6 / 7.5 

20/25 

1.25 

0.1 

0.80 

6/6 

20/20 

1.00 

0.0 

1.00 

6 / 4.8 

20/16 

0.80 

- 0.1 

1.25 

6 / 3.8 

20 / 12.5 

0.63 

- 0.2 

1.58 

6 / 3.0 

20/10 

0.50 

- 0.3 

2.00 


Many individuals, especially young people, possess a visus of >1. 
In other words, the MAR is significantly smaller than one minute. 
Examination is usually performed using test letters with defined iden¬ 
tifiable angles in the shape of physically defined figures, either 
Landolt coptotypes or numbers with defined angular relationships. 
For maximal resolution, only an area of about 1° of the fovea cen¬ 
tralis is needed. If the image drifts onto the retinal periphery, the res¬ 
olution will deteriorate exponentially. At a distance of 20 cm from 
the eye, the area of clarity has a diameter of about 3.5 mm, while at 
a distance of a meter, this area enlarges to 1 7 mm. It is therefore not 
possible to visualize two flight deck instruments simultaneously with 
full resolution, whether they are next to each other or at different dis¬ 
tances. To achieve this, eye movements are needed. These are very 
fast and are directed with considerable accuracy, but this requires a 
distinctly structured space, in which particular features provide an 
optical orientation. A display built from completely equal units will 
more likely lead to search errors than one where the units are marked 
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unequally. This is particularly important for rapid reading of charts 
and checklists. 

The MAR changes not only with the position of the image on the 
retina, but also with the lighting, due to the adaptability of the eye. 
The eye adapts its sensitivity to changes in lighting conditions. This 
occurs partly via regulation of the pupillary diameter and partly by 
adaptation of the sensitivity of the photoreceptors. When it is bright, 
this occurs very rapidly by photoadaptation; this takes much longer 
in darkness when only the parafovea rods are being utilized scotop- 
tically. A quick glance from a bright instrument panel to a dimly lit 
region is not possible; dark adaptation takes much more time. This is 
important at twilight or at night. A similar situation exists when 
dealing with contrast, such as a figure on a display, when rapid and 
precise recognition is critical. 

Precise object recognition is predicated upon optimal geometric 
optics projecting the corresponding image of the object onto the eye. 
In this endeavor, accommodation is utilized when an image is made 
of differing points along the optical axis. This process is slow and the 
time required increases with a person's age; the ability to accommo¬ 
date begins to wane after a particular age, to the point where accommo¬ 
dation is no longer feasible. For this reason, all the visual surfaces in 
the cockpit should require as little accommodation as possible, in 
order to appear on virtually the same point along the optical axis. As 
this is not usually the case in practice (between the primary flight dis¬ 
play, glare shield fixture, center console, and heads-up display), the 
workload of the visual system is increased significantly. In addition, 
normal binocular vision is coupled with accommodation-related con¬ 
vergence movements of the eyes: If a close object is to be visualized 
clearly, both vision axes must be brought together. This drive for con¬ 
vergence and accommodation are coupled. 

This means that every time accommodation occurs, convergence 
is evoked. If the image on the retina is not sharp, the eye begins to 
initiate accommodation and, therefore, also convergence. This leads 
to further problems of image recognition. The ability to accommo¬ 
date declines with age, as the near point moves further away (pres¬ 
byopia). The near point of a 20 year old is about 10 cm, whereas it is 
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about half a meter for a 50 year old. Corrective lenses are particularly 
important for a presbyopic pilot as they must allow the pilot to meet 
the regulatory standards for distant vision, and at the same time pro¬ 
vide a clear picture of a number of objects inside the cockpit at vary¬ 
ing distances from the pilot's eyes. It is not physically-technically 
possible to produce lenses that allow the presbyopic pilot to focus 
immediately on any object regardless of distance. Because cockpit 
geometry is complex, the pilot may have to search for that segment 
in the glasses where the image is seen most clearly. In addition to this 
problem, lateral distortion also leads to further, unavoidable visual 
deterioration. 

The additional effect that chromatic aberrations have on accom¬ 
modation is only briefly mentioned, but this is an issue that is becoming 
increasingly important as modern flight decks employ an increasing 
number of color applications. Colored indicators, located at equal 
visual distance, require changes in accommodation with visualization 
of each chosen color. 

With regards to the refractive errors, myopia, hyperopia, and 
astigmatism, more will be detailed in relation to the regulatory stan¬ 
dards and examination techniques, as well as refractive methods of 
eyeglasses and contact lenses. 

In the past few years, refractive corneal surgery has become widely 
used to correct the refractive errors that occur due to variations in bul¬ 
bar length. This is done by reshaping the corneal surface and flattening 
it. One method is to make radial cuts into the corneal surface, leading 
to scarring in the periphery that in turn leads to a bowing-up of tissue 
there, which then leads to a flattening of the central area. The same 
goal is achieved by using excimer-laser-ablation of the central area of 
the cornea. The removal of tissue flattens the corneal curve, reduces 
the refractive power, and allows a sharp image on the retina despite the 
long bulbar length. This excimer-laser-ablation can also be performed 
in the intrastromal tissue. To this end, the anterior corneal lamella is 
excised (Lasik), central corneal material is removed, and the lamella is 
reinserted. Common for these procedures is an increased risk for scar 
formation and subsequent structural changes within the cornea. The 
first case of keratoconus after such surgeries has been reported. 
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It is obvious that, besides questions of optical imaging such as 
resolution, color vision, contrast, and dark adaptations, other flight- 
specific issues can influence visual performance. The relative drying 
of the corneal surface due to low air humidity in most commercial 
aircraft is well known, and can be particularly bothersome to older 
pilots. However, the effect of acceleration as having hydrostatic 
effects on the eyes can be disregarded in commercial aviation but not 
always in private flying. 

The duty of the aeromedical ophthalmologist is to utilize 
particular knowledge regarding the actual performance require¬ 
ments in the cockpit, the work environment of air traffic con¬ 
trollers, the regulatory standards, and to perform accurate 
examinations. 


ANATOMY AND PHYSIOLOGY OF THE EYE 
Introduction 

The human eye (Fig. 1) is one of the most complex organs of the 
body. Next to the kidney, it has the highest metabolic rate. Hypoxia 
impairs all visual functions. Besides the parasympathetic and sympa¬ 
thetic nervous system, half of all brain neurons participate in the 
innervation of the eye. 

Visual performance encompasses many different qualities, such as 
visual acuity, contrast, dark adaptation, glare sensitivity, spatial vision, 
color vision, and peripheral vision. Only with regular and diligent 
examinations can vision problems that may endanger aviation safety 
be recognized early. 

Eye Lids and Tear Ducts 

The eyelids are muscular soft tissue with extensive safety functions. 
Form and function are such that the eye can be covered entirely by 
closure of the lids. Lid closure occurs reflexly by way of mechani¬ 
cal, optical, and acoustic stimulation. An even distribution of tear 
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Figure 1 . Cross-section of the human eye. 


secretion occurs through regular blinking about 20-30 times per 
minute, preventing drying of conjunctival and corneal tissues. The edges 
of the lids contain countless sweat and sebum secreting glands, which 
have the effect of lubricating the lid margins in order to prevent over¬ 
flow of tear fluid. The inner aspect of the lids is lined with conjunctiva. 
Accessory tear glands reside in the upper and lower folds; they produce 
serous tear fluid along with that from the main ducts, which are located 
under the temporal area of the upper eyelid. Tear film has three layers. 
The outer lipid layers consist of secretions from the sebum and tear 
glands; they prevent too rapid evaporation of the tear film. The middle 
watery layer's function is primarily to cleanse the cornea surface and to 
facilitate a high quality image. The inner mucinous layer comes from the 
goblet cells of the conjunctiva and the main tear gland; it serves as a sta¬ 
bilizer of the tear film upon the otherwise hydrophilic corneal surface. 
Tear fluid discharges by way of the upper and lower tear ducts. From 
there, the tears flow via the upper and lower duct canals into the 
lacrimal sac and through the nasal tear duct into the nasal cavity. 
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The Conjunctiva 

The conjunctiva is a thin, transparent vascular mucous membrane 
layer. Its mobility upon the underlying sclera and the tissue redun¬ 
dancy in the lid folds allow free movement of the eye ball in all visual 
directions. Production of bactericidal substances inhibit eye infec¬ 
tions significantly. 

The Cornea 

The cornea is inserted into the mildly curved sclera like a watch crys¬ 
tal. Its transparency and uniform curvature is a requirement for good 
optical imaging. With a refractive power of about 43 diopters, it con¬ 
tributes the most to the total refraction of the eye. The external corneal 
surface is composed of multiple non-cornified epithelial layers, which 
can rapidly regenerate when injured. The basal cell layers are 
joined to the very tough Bowman's membrane by a thin mucosal 
membrane. An injury to this layer does not regenerate tissue, but 
forms a scar. 

The corneal stroma, which regenerates slowly owing to lack of 
vasculature, is made of collagen lamellae. The stroma is bound in the 
anterior chamber by the durable Descemete's membrane. This serves 
as the basal membrane of the single layered corneal epithelium. The 
pumping action of this non-regenerative endothelium maintains the 
transparency of the cornea. The average diameter of the adult cornea 
is about 11 mm, and the axial thickness about 500 /urn. The cornea 
is sensitive to touch via innervation from the trigeminal nerve; 
injuries are very painful. 

The Sclera 

Together with the cornea, the sclera forms the protective, outer layer of 
the eye, onto which six external eye muscles are attached. The sclera 
is white, opaque, and fibrous, and contains collagen and elastic 
fibers with a high water content. 
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The Lens 

The lens of the eye focuses the incoming light onto the retina. 
Allowing for accommodation, the portion of refraction attributed to 
the lens is in the order of 10-20 diopters. The lens is clear and bicon¬ 
vex, with a greater curvature on the posterior surface. It lies in the 
back of the anterior chamber between the posterior aspect of the iris 
and the vitreum, and is therefore a component of the iris-lens- 
diaphragm system, which separates the anterior chamber from the 
posterior. Zonular fibers are attached to the equator of the lens and 
connected to the ciliary body (Fig. 2). 

When the ciliary muscle contracts, the tension on the lens, 
maintained by the zonular fibers, is reduced, and its intrinsic elas¬ 
ticity brings it to a rounder shape. This is called accommodation 
(Fig- 3). 

Since the elasticity of the lens continuously decreases after birth, 
there is a continued deterioration of the lens' power of accommodation. 


A ccommoda tion 

Normal vision (emmetropia) exists when parallel light rays enter the 
eye and are focused onto the retina (Fig. 4). This is the rule when 
the axial length of the eye is 24 mm. The refractive power increases 
through accommodation, whereby near objects can be seen clearly 
(Fig. 5). The unit of measurement is a diopter (D), which is the 
reciprocal of the focal length measured in metres (i.e., 1/m). In the 
case of emmetropia, an accommodation of 5 D will bring an object 
at a distance of 20 cm sharply into focus on the retina 

(Figs. 2, 3 and 5). 

Refraction 

Refraction is determined primarily by the axial length of the eye. 

If the eye is one mm too long or too short, a 3D-discrepancy 
exists. The eye axis generally lengthens until puberty, increasing 
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Figure 3. Contracted ciliary muscle. 


nearsightedness and decreasing farsightedness. Loss of lens elasticity 
results in a loss of accommodation, as does an increase in lens den¬ 
sity. This creates a higher optical density and refractive index with 
age, and therefore increases nearsightedness, which is additional to 
the axial ametropia. 
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Figure 4. Emmetropia. 



Figure 5. Accommodation with emmetropia. 


Nearsightedness (myopia) 

In an elongated eye, the focal point (without accommodation) lies in 
front of the retina (Fig. 6). This is nearsightedness or axial myopia. 
Placement of a concave lens before the eye displaces the focal point 
posteriorly and thus corrects the myopia (Fig. 7). 





Figure 7. Myopic eye with corrective lens. 


Farsightedness (hyperopia) 

If the eyeball is too short, the focal point lies behind the 
retina (Fig. 8). This is called farsightedness or axial hyperopia. 
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Figure 9. Hyperopic eye with corrective lens. 


Through accommodation or placement of a convex lens before 
the eye, the focal point can be transferred to the retinal plane 
(Fig. 9). 
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Figure 10. Accommodation and age. 


Age related vision (presbyopia) 

Age related vision or presbyopia occurs when accommodation is 
no longer adequate to focus an object about 30-40 cm away 
clearly onto the retina. This happens around the age of 45 years 
(Fig. 10). 


Astigmatism 

Astigmatism occurs when the cornea is not symmetrically curved. 
The focal points of the two major axes are not identical (Fig. 11). If 
these axes are perpendicular to each other, a cylindrical lens can 
bring the focal point of both axes together (Fig. 12) and project a 
sharp image onto the retina. 

The Iris, Ciliary Body, and Chorioid 

These structures form the uvea. The iris is opaque and shields the eye 
from overly intense light exposure. The variably sized pupillary diameter 
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Figure 11. Differing axes with differing focal points. 



Figure 12. Correction of astigmatism with a plus-cylindrical lens. 


serves as an optical aperture. The root of the iris transitions to the cil¬ 
iary body, the muscles of which are responsible for accommodation 
and whose epithelium regulates the aqueous humor. This traverses 
from the posterior chamber through the pupil into the anterior cham¬ 
ber and drains from there, via the trabeculae in the iridocorneal 
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angle, into the episcleral veins. A uniform eye pressure, generally 
between 10 and 20 mmHg, is maintained by an equilibrium between 
aqueous production and absorption. At the ora serrata, the ciliary 
body transitions into arterial tissue, the chorioid. This structure is very 
vascular and serves to nourish the outer retina and regulates the eye 
temperature. The interior retinal layers are supplied by the central 
retinal arteries. 


The Vitreum 

The vitreum is a clear, gelatinous structure, which becomes some¬ 
what more fluid with age. It functions as a bulbar stabilizer and fills 
about three-quarters of the total eye volume. 


The Retina 

The retina is the "film" in the eye. Here, all the optical stimuli are 
transformed into electrical impulses by photoreceptors, and trans¬ 
ferred to the optic nerve through the neuronal retinal layers. The retina 
contains two types of light sensitive cells, the rods and the cones. 
Although the two are mixed, the rods dominate in the periphery of the 
retina and the cones in the central part. About 120 millions 
rods transmit twilight and are responsible for night vision, while 
about 7 millions cones discriminate between blue, green, and red 
colors and are responsible for day vision. In the middle of the 
retina lies the macula, an oval non-vascular area in the center 
of which lies the fovea centralis which contains cones only. It is 
here the sharpest image is projected. This layout explains why 
there is no color perception in the peripheral vision, and why 
visual acuity declines from the central to the peripheral parts of 
the retina. 

Adaptation to varying light intensities occurs not only by pupil¬ 
lary action, but also by way of transition from rod to cone vision. 
Adaptation to light occurs substantially faster (in seconds) than adap¬ 
tation to darkness (~30 minutes). 
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The Optic Nerve (n. opticus) 

The retinal nerve fibers in the optic nerve merge together in the 
papilla. There are no photoreceptors in this area, thereby creating 
the "blind spot." The optic nerve stretches from the posterior aspect 
of the eye to the optic chiasm, where the nasal fibers cross over to 
the opposing side and, together with the temporal fibers of the opti¬ 
cal tract, arrive at the corpus geniculatum. The optic nerve as such is 
not a real cranial nerve but rather an advanced brainstem, and it is 
therefore encased by dura and pia mater as well as arachnoid tissue. 
Consequently, a blurred or elevated optic disc can indicate an increased 
intracranial pressure. 

Ocular Muscles and Binocular Function 

The large mobility of the eyeball increases the visual field greatly, 
and thus makes head movements less necessary. The normal human 
visual field extends to approximately 60 degrees nasally in each 
eye, to 100 degrees temporally, and approximately 60 degrees 
above and 75 degrees the horizontal meridian. This mobility is pro¬ 
duced by the action of four straight and two diagonal muscles. 
Through the cooperation of sensory and motor systems, binocular 
vision is produced. 

Slightly different images are projected onto the retinas, but per¬ 
ceived simultaneously. If the two images can be melted together in 
the brain, fusion is created and the object is seen as one. In addition, 
the brain's analysis of the double images provides depth perception. 
Man's highly developed binocular vision is the basis of spatial or 
stereoscopic vision. 

If the eye muscles are unbalanced and there is no parallel posi¬ 
tion of the eyes, strabismus is present; if the strabismus angle is the 
same in all directions, then a concomitant strabismus is present. 
Concomitant strabismus most often appears in early childhood. 
Usually the brain favors visual perception in one of the eyes and sight 
is suppressed in the other (amblyopia). Due to this unilateral suppres¬ 
sion of visual perception, double vision is avoided, but binocular 
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function is lost. Eye injuries or diseases of the nerve or nuclei may 
lead to incomitant or paralytic strabismus with double vision and 
compensatory head positioning. The strabismus angle occurs only in 
the direction of the paralyzed muscle. 

Phoria has to do with latent strabismus, which is only revealed 
when decompensation occurs, usually because of fatigue of the ocu¬ 
lar muscles. Decompensation can lead to outright strabismus with 
double vision. 

DISEASES OF THE EYE 

Diseases of the Tear Duct System and Lids 

Dry eye (keratoconjunctivitis sicca, xerophthalmia) 

This condition is caused by decreased tear production or increased 
tear film evaporation. Symptoms consist of reddened, burning eyes 
and a foreign body sensation. Although it may seem strange, the dry 
eye condition can cause the eyes to water. By way of a reflex, exces¬ 
sive tearing is initiated but tearing time is usually shortened (less than 
five seconds), and the mucinous component so minimal that a good 
contact between the hydrophobic corneal surface and the watery 
phase of the tear film cannot be sustained. 

The air in modern commercial airliners is quite dry, with a 
relative humidity of 4-14%; this can substantially worsen symp¬ 
toms. Tear supplementation (artificial tears) or punctum plugs can 
be helpful. 

High viscosity tear supplements or eye ointments can tem¬ 
porarily interfere with visual acuity and should be avoided during 
flight. 

Excessive tearing (epiphora) 

Overproduction of tears frequently occurs in the setting of inflam¬ 
mation or external irritation. Often there is an interference within the 
drainage system causing recurrent conjunctivitis. Lid anomalies can 
also cause tearing, especially when the lower lid curls outward, 
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whereby the lower punctum no longer lies in the tear pool. Since 
epiphora often leads to a reduction in visual acuity, the cause should 
be investigated. 

Drooping upper eyelid (ptosis) 

Ptosis can be congenital or acquired. A prominent ptosis can indicate 
myotonia, sympathetic damage, or a disorder of the oculomotor nerve. 
Trauma or instillation of a local anesthetic can also induce ptosis. 
Whether or not flight fitness is impaired depends on the visual field 
evaluation. It is particularly important to monitor this when dealing with 
myotonic ptosis, as the degree of lid narrowing can be variable. 

Incomplete lid closure (lagophthalmos) 

The inability to close the eye is usually caused by a facial nerve paresis. 
Bell's palsy, which induces the eye to turn upwards when the patient 
attempts to close the eye, can lead to insufficient protection of the 
corneal surface. Often a surface disorder with irritation of the corneal 
surface develops. To what extent flight fitness is affected must be deter¬ 
mined on a case by case basis, using aeromedical judgment. 

Misalignment of the lids 

As mentioned above, an outward curl of the lower lid (ectropion) can 
result in increased tearing, in that the lower punctum no longer lies 
within the tear pool. An inward curling of the lower lid leads to a 
scouring of the eyelashes on the cornea, giving rise to a foreign body 
sensation. A primary malformation of the lids can result in similar 
symptoms. In general, corrective surgery can eliminate the misalign¬ 
ment and the functional impairment. 

Inflammatory changes and tumors of the eyelid 

Meibomian cysts (chalazion) and styes (hordeolum) are relatively 
common disorders of the eyelid. They are secondary to inflammation 
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or infection of gland ducts, in most cases caused by Staphylococcus 
aureus. In general, they do not have any functional significance. 
Hordeola are often painful and should be treated locally with antibi¬ 
otics, and sometimes even systemically. Chalazion, in contrast, are 
minimally painful and encapsulated, and should be removed surgi¬ 
cally. In that all chronic inflammations of the lids can progress to a 
functional impairment, any effect on flight performance should be 
determined. In general, all tumors in the area of the eyelids should 
be treated surgically. 

Disorders of the Conjunctiva 
Conjunctivitis 

Conjunctival inflammation is a relatively common disorder. It can 
appear in response to bacteria, viruses, Chlamydia, or be a topical 
allergic reaction. Allergic conjunctivitis from pollen is often 
improved during flight, as there are few or no allergens in the fil¬ 
tered cabin air. Viral conjunctivitis not uncommonly leads to 
corneal involvement in which case visual acuity can be affected 
due to glare and reduced corneal transparency. Keratoconjunctivitis 
epidemica can lead to temporary unfitness for flight, such as in the 
case of lymphocytic infiltration of the cornea, or to permanent 
disqualification, such as in the case of corneal damage from a 
herpes infection. 

Pterygium 

A pterygium is a duplication of the conjunctiva; it generally grows 
into the cornea from the nasal side. Vision could be impaired if it 
reaches the optical zone. Surgical removal can be performed, but 
recurrences are not uncommon. 

Symblepharon 

Through a fusion of the conjunctivae of the bulbus and the inner eye¬ 
lid, ocular motility can be impaired. Symblepharon usually arises 
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due to infections or an ocular pemphigoid. If the restriction of eye 
movement causes double vision, flight fitness could be affected. 

Cornea 

A uniformly curved and transparent cornea is a prerequisite for pro¬ 
jecting optimal quality images onto the retina. Cloudiness of the 
cornea leads to significant glare, especially when it affects the optic 
center. Edema can develop when the endothelium loses cells, lead¬ 
ing to deterioration of vision, especially in the morning hours. With 
irregular corneal curvature, visual acuity can usually be significantly 
improved with a shape-stabilizing contact lens. Flight fitness is deter¬ 
mined by the corrected vision. If there is an increasing corneal irreg¬ 
ularity, keratoconus must be suspected and corneal topography 
studies are required. If there is a known family history of corneal dys¬ 
trophy, it is important to remember that these often do not manifest 
themselves until middle age, and then may be incompatible with 
continued medical certification. 


The Uveal Tract: Iris, Ciliary Body, and the Choroid 
Iris and pupil 

Iritis is the most common form of uveitis, and is most often combined 
with an inflammation of the ciliary body (cyclitis). Recurrence is fre¬ 
quent and often associated with rheumatoid diseases. Iritis is marked 
by pain, photophobia, and excessive tearing. Visual acuity can be 
reduced by inflammatory cells from exudates or from protein 
deposits, such as fibrin, in the anterior chamber. 

The most serious consequence occurs when the posterior aspect 
of the iris and the anterior aspect of the lens stick together. In order 
to avoid this complication, the pupil is kept dilated during the acute 
phase. During this time of induced mydriasis, the loss of accommo¬ 
dation and the increased sensitivity to light are a bar to medical cer¬ 
tification. If synechia develops, which interferes with pupillary light 
reaction, future flight fitness must be evaluated on an individual 



420 


R. Schwartz andJ. Draeger 


basis. The applicant with a history of uveitis must be informed that 
medical certification might be in jeopardy. 

Non-inflammatory pupillary disorders should be evaluated 
neuro-ophthalmologically. Pronounced iris colobomas or pupillo- 
plegia are often compatible with flying duties after determination that 
it is an isolated situation. Medications affecting the pupil will be dis¬ 
cussed in the section on eye medications and their effects on flight 
fitness. 

Inflammation of the ciliary body (eyelids) 

Isolated cyclitis is rare, but appears more commonly together with iritis 
as iridocyclitis. With involvement of the ciliary body, the posterior 
chamber can become involved and intersperse the vitreous with inflam¬ 
matory mediators and cells. This can additionally impair vision. 

Inflammation of the chorioid (chorioiditis) 

Due to the lack of sensory innervation of the chorioid, inflammation 
to this part of the uvea is not painful. Inflammatory foci of the chori¬ 
oid usually heal within a few weeks. Depending on their localization 
and size, they can lead to circumscribed scotomas in the peripheral 
field, or macular involvement and therefore a reduction in visus. If 
the retina is involved as an inflammatory component, the condition 
is called retinochorioiditis. Here, the inflammatory cells are also 
found in the vitreous. The most common disorder of this type is the 
congenital or developed manifestations of toxoplasmosis. This leads 
to retinal scarring with corresponding scotomas and loss of nerve 
fibers. Recurrences are not uncommon. 

Tumors of the uvea 

Malignant melanoma is the most common tumor of the chorioid. 
Diagnosed early, it responds well to brachytherapy (sealed source 
radiotherapy), albeit creating a corresponding scotoma. 
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Disorders of the Vitreous Humor 

Opacities of the vitreous humor can lead to a reduction in vision. 
Opacities can develop from inflammation of the uvea and are often 
not reversible. Floaters are deposits of various size, shape, consis¬ 
tency, refractive index, and motility. They may be of embryonic ori¬ 
gin or acquired due to degenerative changes of the vitreous humor or 
retina. The perception of floaters is known as myodesopsia. Floaters 
appear as shadow-like shapes, either alone or together with several 
others in the field of vision. They may be seen as spots, threads, or 
fragments of cobwebs which float slowly before the eyes. Since these 
objects exist within the eye itself, they are not optical illusions but 
entoptic phenomena. One specific type of floater is called m uscae 
volitantes or mouches volantes and consists of small spots. These are 
present in most people's eyes and are attributed to minute remnants 
of embryonic structures in the vitreous humor. Rarely are they pre¬ 
cursors or consequences of a retinal disorder. Nearsightedness and 
advanced age favor the development of mouches volantes. 

The extent to which vision is impaired by opacities depends on 
the size and number of the cloudy areas as well as their locations. 
Only in unusual cases do opacities develop into a significant func¬ 
tional impairment. This is also true for the so-called asteroid hyalo- 
sis, a primarily unilateral degenerative disorder involving small 
white opacities in the vitreous humor. 


Disorders of the Lens 

As the lens ages, its elasticity changes and so does its refractive index. 
Cataracts develop when there is an interference with light transmis¬ 
sion. If the refractive index increases, the eye can become myopic, 
yet fully correctable. Subluxation of the lens can lead to similar 
symptoms. A discontinuous refractive index can result in double or 
multiple refractions, so that monocular double vision can occur. 
A cataract can influence near and distant vision acuity differently. Cataracts 
have a tendency to increase glare sensitivity. 
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Medical certification after intraocular lens implant depends not 
only on the resulting refraction and the visual acuity, but also on the 
degree of pre-operative refraction. 


Disorders of the Retina 
Introduction 

Hereditary retinal degenerative disorders, such as retinitis pigmentosa, 
are usually disqualifying for aviation duties due to their progressive 
nature. If function is not yet significantly impaired, the applicant 
should be informed that this condition might in the future deteriorate 
visual acuity to below the requirements. 

Retinal disorders with macular involvement usually lead to decline 
in function. With regard to medical certification, the progressive nature 
of these disorders dictates frequent testing of vision. 


Retinal detachments (amotio retinae) 

Retinal detachments cause a peripheral field defect corresponding to 
the site of the detachment. Even after successful intervention, periph¬ 
eral field defects can persist. In order to re-attach the retina, a plomb is 
often sewn onto the posterior part of the eyeball. This can lead to a 
restriction of ocular motility and consequential double vision. Even the 
axial length of the eyeball can be altered by such surgical intervention, 
resulting in a change in refraction. Replacement substances that are 
imported into the vitreous can cause a change in refraction; if it is 
gaseous, a rapid decompression can create a serious rise in intraocular 
pressure. In the event of a very small, circumscribed retinal detach¬ 
ment, laser coagulation is indicated and may be adequate to encase it. 
In general, this entails no functional impairment; with the onset of reti¬ 
nal healing at about 10-14 days, further retinal detachment is not 
likely. Areas of degeneration, which can further deteriorate into retinal 
detachments, should be prophylactically treated with laser coagula¬ 
tion. In general, there is no flight restriction necessary after a coagula¬ 
tion of a peripheral retinal area. The existence of peripheral retinal 
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degeneration should always initiate a complete eye examination by an 
ophthalmologist, including a detailed visual field test. 

Central serous retinopathy 

This disorder, which mostly affects active men in their middle years, 
is caused by a serous effusion into the retina. If the macula is 
involved, patients usually complain of distortion of vision or microp¬ 
sia (the perception of objects as being much smaller than they actu¬ 
ally are). In many cases, the warping of the retina leads to hyperopia. 
This disorder has a good prognosis and spontaneous healing is com¬ 
mon. In some cases, the source points can be visualized with fluo- 
rography and coagulated by laser. Often, this results in a minimal 
decrease in function and diminished contrast sensitivity. Medical cer¬ 
tification may be considered when there is no further evidence of 
leakage as shown by fluorography. Persistent serous leaks can result 
in unpredictable vacillations in visual acuity. 

Vascular diseases of the retina 

Tissue changes resulting in functional losses due to underlying inter¬ 
nal diseases, such as diabetes mellitus or arterial hypertension, are 
generally not compatible with aviation duties as the underlying dis¬ 
ease process may be disqualifying. Retinal artery occlusion can lead 
to an irreversible loss in the supply area of the affected branch of the 
artery. Occlusion of the central retinal artery leads to complete blind¬ 
ness. When a smaller branch artery is blocked, only the part of the 
retina supplied by that branch is affected and vision is not as severely 
affected. Arterial retinal occlusions are therefore not compatible with 
aviation duties. Occlusion or stenosis of retinal veins can lead to a 
stasis with disseminated bleeding. 

The course of a vascular occlusion is thereby quite variable. 
Extensive retinal ischemia can lead to the development of neovascular¬ 
ization, resulting in many types of late complications, such as second¬ 
ary glaucoma. Even laser treatment cannot always prevent blindness 
and the need of eventual enucleation. On the other hand, cases occur 
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where there is total regress and new collateral vessels develop in the 
area of the papilla. Such cases may be entirely compatible with aviation 
duties. In all other cases, medical certification is not possible due to the 
unpredictable course of this disease. As retinal vascular occlusions usu¬ 
ally are caused by an embolus, a full work-up is required to look for 
possible embolic sources. A pilot who has had a retinal artery occlusion 
is at increased risk for a stroke or myocardial infarction. 

Diseases of the Optic Nerve 

Inflammation of the optic nerve (neuritis nervi optici, 
retrobulbar neuritis) 

Optic neuritis typically affects young adults ranging from 18 to 45 years 
of age, with a mean age of 30-35 years. There is a strong female pre¬ 
dominance. The main symptoms of optic neuritis are a decrease in 
visual acuity, a change in color vision, and pain on eye movements. 
Younger patients often develop multiple sclerosis later on, resulting in 
recurrent optic neuritis. Vision can recover completely between 
episodes, yet a relatively central defect of the visual field usually 
remains. Due to the high rate of recurrence and the danger of progres¬ 
sive functional deterioration, medical certification can only be consid¬ 
ered under certain conditions, viz. that the time of presentation is after 
the age of 45, when multiple sclerosis is not likely to develop, and that 
no indication of localized defects is found on retinal imaging. 

Ischemic optic neuropathy 

Whether inflamed or not, ischemic optical neuropathy usually leads to 
visual loss below the standards for aviation duties, and is only relatively 
reversible. An indication of ischemia is a swelling of the optic nerve 
followed by atrophy. 


Glaucoma 

Worldwide, glaucoma is the most common cause of permanent 
blindness. The incidence is estimated to be approximately 2% in the 
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Caucasian population, substantially increasing after the 45-50th year 
of life. 5,6 The damage to the neuronal structures of the visual axis, 
especially of the optic nerve fibers, along with ascending atrophy of 
the optic nerve is caused by a decrease in the so-called perfusion 
pressure. This is the pressure gradient between the retinal capillaries, 
the chorioid, and the anterior uvea. The intraocular pressure, which 
is the pressure of the circulating aqueous humor, is necessary for the 
optical function of the eye, as the shape of the globe determines 
the proper imaging of the object onto the retina. In order to ensure 
the geometric configuration of the eyeball against the soft tissue 
counter pressure of the orbit, the tension of the eyelid, and the pull 
of the extraocular muscles, an intraocular pressure of at least 10 mmHg 
is required. The average intraocular pressure of a healthy adult is 
approximately 15 mmHg (in the newborn it is about only 8-9 mmHg). 
Empirically, a slow and steady rise in pressure occurs with increasing 
age, so that average pressures found in youths are about 12 mmHg 
rising to about 1 6-1 8 mmHg in the elderly. As arterial blood pressure 
also increases slightly with aging, the ocular perfusion pressure is 
adequately supported throughout life. 

Nutritional support of the eye is very sensitive and immediately 
suffers with continued changes in perfusion pressure, whether due to 
a reduction of circulatory pressure or an elevation of anterior cham¬ 
ber pressure from a pathologic hindrance of chamber fluid drainage. 
It is inexpensive to measure the intraocular pressure. The tonometer 
(a word coined by Albrecht von Craefe in 1865) provides a non-inva- 
sive estimate of intraocular pressure. In order to physically ascertain 
the true intraocular pressure, one would have to puncture the eyeball 
with a needle and attach the needle to a manometer, which is not 
possible in routine clinical circumstances. An elevated intraocular 
pressure is in general the decisive cause for the development of glau¬ 
coma. Aqueous humor is continually produced by the ciliary 
processes. It is important that this production is balanced by an equal 
rate of drainage. Small variations in production or outflow of aque¬ 
ous humor will have a large influence on the intraocular pressure. 
Figure 13 shows the irido-corneal angle. The primary route for 
aqueous humor flow is first through the posterior chamber, then via 
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Figure 13 . The irido-corneal angle. 


the iridocorneal angle (the narrow space between the posterior iris 
and the anterior lens) through the pupil into the anterior chamber. 

The influx of fluid to the anterior chamber is stable at about 
1 mrrd/min, resulting in an astonishingly well-equilibrated pressure. 

Drainage occurs through a circumferential split in the sclera, called 
the canals of Schlemm, into the extraocular venous plexus. Apart from 
rare cases of elevated extraocular venous pressure, a reduction in 
drainage into the outflow tract is usually caused by an increased resist¬ 
ance in the canals of Schlemm. This can be caused by deposition of 
cellular detritus and inflammatory proteins (secondary glaucoma), by 
deposition of pigmented cells (pigmentary glaucoma) and, most impor¬ 
tant clinically, by age-related structural changes in the outflow tract. 

Particularly in hyperopia, due to a short eyeball, a flattening of the 
anterior chamber with narrowing of the chamber angle can exist, so that 
with a widened pupil, the root of the iris can close the iridocorneal 
angle, resulting in an acute angle-closure glaucoma. Pressure then rises 
abruptly and dramatically, leading to malaise and vomiting. The pupil is 
fixed in mid-position, the cornea becomes edematous with surface dull¬ 
ness, and the conjunctivae are red. Release of the angle closure results 
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in a slow drop in eye pressure. In order to prevent another acute angle- 
closure glaucoma, peripheral iridectomy is performed, so that a direct 
connection between the anterior and posterior chamber is created. 
With this procedure, the danger of another angle closure is eliminated. 

Because acute angle-closure glaucoma causes pain, the diagno¬ 
sis is generally made before the optic nerve is damaged. 

Since glaucoma is eminently treatable, initially with medications 
and later with surgical intervention, it is obvious that early detection 
is critical in order to protect the eye from damage. For the aviation 
medicine practitioner, glaucoma is particularly important from the 
perspective of functional consequences: initially the visual field is 
pared down in the outer or middle peripheral regions, eventually also 
involving central vision, and finally leading to blindness (Fig. 14). 7 



Incipient enlargement of blind spot 



Curve-shaped enlargement of the blind 
spot/incipient peripheral contraction 



Figure 14. Perimetry visual field changes caused by glaucoma. 
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Such a development is obviously disqualifying for medical certifica¬ 
tion. However, cases without gross morphologic changes and with¬ 
out functional damage, usually where glaucoma has been detected 
early, may be compatible with aviation duties. The prerequisite is, of 
course, adequate management of the intraocular pressure through 
appropriate therapy of a kind that does not cause a secondary dis¬ 
qualifying condition. In the past, therapy was limited to the miotic 
agent pilocarpine, which interferes with adaptation and accommo¬ 
dation and often results in refractive changes. Today, treatment con¬ 
sists primarily of beta blockade, which may cause side effects in the 
circulatory system, especially hypotension. Careful monitoring of 
such patients is required. 


Effects of Medication on Visual Acuity 

Gel-like or oily eye drops and eye ointment should, when possible, 
be avoided, as they can interfere with visual acuity. Particularly prob¬ 
lematic are medications that widen the pupil, interfere with accom¬ 
modation, and change the refraction. This is especially the case with 
ingredients such as atropine, carbachol, cyclopentolate, naphazo- 
line, neostigmine, phenylephrine, pilocarpine, and scopolamine, 
whether systemically or locally applied. Beta blockade can also lead 
to reduced visual acuity, and can often worsen sicca symptoms. Even 
though the systemic effects of the following substances are disquali¬ 
fying for aviation duties, it is worth mentioning that the following 
pharmaca can lead to vision disorders: amiodarone, clonidine, chlo- 
ralhydrate, chlorpromazine, L-dopa, haloperidol, lithium, morphine, 
phenytoin, and tricyclic antidepressants. 


EXAMINATION METHODS 
History 

Along with the subjective and objective examinations of the visual 
functions as well as inspection of the anterior and posterior eye, 
the history is of particular importance. Questions regarding family 
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history should not only include inherited diseases such as corneal 
dystrophy or pigmentosa retinopathy, but also diseases that are not 
directly hereditary but often occur in familial patterns, such as glau¬ 
coma. The strength of the parents' eyeglasses can also be helpful, 
when future progression of a refractive error is of concern. Frequent 
headaches can indicate a non-corrected hyperopia or a high-grade 
phoria. Further questions should include: 

• Strabismus in childhood 

• Injuries, infections, or surgeries of the eye 

• Regular application of eye drops or ointment 

• Light sensitivity or photophobia 

• Poor twilight vision 

• Temporary blurriness 

• Eye pain and double vision. 

One should emphasize to the applicant that withholding informa¬ 
tion, for example about having undergone refractive surgery, can 
later lead to the loss of medical certification. 

In spite of the fact that refractive corneal surgery is an efficient 
method to correct refractive errors, one must keep in mind that in 
some cases the applicant will still not meet the requirements for med¬ 
ical certification. Postoperative refractive instability, increased glare 
sensitivity, or other pathological findings may entail unfitness for avi¬ 
ation duties. Furthermore, "iatrogenic keratectasy" is a long-term 
complication, which in an increasing number of cases leads to seri¬ 
ous complications, threatening the function of the eye. 

Eye Examination 

When examining the external eye, one should be particularly 
mindful of asymmetry, such as unequal lid opening or a unilateral 
exophthalmus, which can be quantified with an exophthalmome¬ 
ter according to FHertel's method. Additionally, unequal pupils 
should be looked for. All asymmetry requires a careful search for 
the etiology. 
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Pupillary Movement 
Light reaction 

The reaction of the eye to direct light is evaluated by illumination in a 
semi-darkened room. Normally, the illuminated pupil constricts after 
about 0.2 seconds. Consensual light reaction is observed in the other 
eye, but one must avoid shining light on the other eye. The pupils nor¬ 
mally constrict simultaneously without delay. The swinging flashlight 
test lends itself to the diagnosis of afferent pupillary disturbance. The 
patient is asked to look into the distance, as accommodation should 
be avoided. The eyes are illuminated alternatively, at the same dis¬ 
tance and for the same length of time, whereby the initial constriction 
and the subsequent dilatation of the pupils can be evaluated. If one 
pupil constricts and dilates more slowly than the other, the affected 
eye has a relative afferent pupillary disorder. This evaluation may be 
difficult, so this is the remit of examiners with experience. The test is 
particularly helpful in the diagnosis of retrobulbar neuritis. 


Examination of near vision alignment 

The subject looks into the distance and then at a near object (such as a 
pencil), which is slowly brought close to the eye. This causes a conver¬ 
gence of the optical axes, brought about by a near vision alignment 
miosis. If the object is brought even closer to the eye, convergence often 
cannot be maintained and the eye diverges. Depending on the age, 
convergence is coupled to accommodation. Insufficiency of conver¬ 
gence is a common cause of asthenopic complaints, such as cephalgia. 


Slit Lamp Biomicroscopy 
Anterior chamber 

With slit lamp biomicroscopy, the anterior as well as the posterior 
chambers of the eye can be examined. The examination of the ante¬ 
rior chamber includes the position of the lids, changes in the con- 
junctivae and cornea. By means of fluorescein dye and illumination 
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with blue light, defects of the cornea can be determined, as defects 
stain greenish-yellow. It is also possible to evaluate the tear film 
break-up time (in seconds) with fluorescein: a drop of 2% fluorescein 
solution is placed in the lower lid and the patient is asked to blink 
three times. The interval between the last blink and the appearance 
of the first precorneal hypofluorescent spot, streak, or other irregu¬ 
larity interrupting the normal homogenous fluorescein pattern is the 
tear film break-up time. 

The transparency of the aqueous humor and the existence of cells 
or protein in the anterior chamber must be noted. The depth of the 
anterior chamber must be evaluated and the iris and lens examined 
for pathological changes. 

Posterior chamber 

In order to evaluate the iridocorneal angle and the posterior eye, a 
fundus contact lens is placed on the anesthetized eye. By way of the 
central portion of the contact lens, the vitreum and the posterior pole 
can be evaluated (Fig. 15). The optic nerve papilla can be evaluated 
and described with respect to sharpness of the disc edge, coloration, 
notching, and swelling. The vessels, the macula, and the fovea are 
examined. With a mirror system, the retina can be examined well into 
the outer circular periphery. This is particularly important in near¬ 
sightedness as degenerative areas often lie in the periphery. 
Whenever possible, the examination should be performed during 
maximal mydriasis, which suppresses accommodation and therefore 
facilitates refraction. Appropriate medications include tropicamide 
and cyclopentolate, which are applied twice over 10 minutes into the 
conjunctival sac. The evaluation of the anterior chamber is similarly 
performed utilizing a mirror in the contact lens whereby the anterior 
chamber angle can be examined and possible structural abnormali¬ 
ties can be noted. 

The fundus examination with the direct ophthalmoscope 
(eye mirror) covers only the posterior pole, but is not adequate to 
evaluate the peripheral retina. With indirect methods, a virtual, 
upside-down mirror image is created. Either a biconvex magnifier is 
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Figure 15. Normal fundus, optic disc with small physiological cupping. 


placed on the slit lamp in front of the eye, or an indirect ophthalmoscope 
is used for the examination. This technique requires much experi¬ 
ence, but allows examination of the peripheral retina. It has the 
advantage that the eye is not touched and therefore no local anes¬ 
thetic is necessary. 

Pressure Measurement 

In the course of time, a variety of principles has been applied to 
assess the intraocular pressure. Very early on "applanation tonome¬ 
try" (Fick, 1888) was recommended, and it is still the most commonly 
utilized method: it is based on the concept that internal eye pressure 
can be determined by distortion or oblation of a small central area of 
the cornea. The first truly clinically useful eye tonometer using this 
principle was proposed in 1954 by Hans Goldman in Bern (Fig. 16). 
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Figure 16. Applanation tonometer after Goldman. 


This tonometer utilizes the conventional slit lamp microscope for 
evaluation of the anterior chamber and also for visualization of the 
corneal surface and the applanation produced by the tonometer. The 
force required to flatten a defined surface of 3.06 mm in diameter 
can then be read from a dial. This device today belongs to the stan¬ 
dard equipment in most eye practices, but is somewhat cumbersome 
for the medical examiner as a non-ophthalmologist, apart from its 
substantial cost. Not only for these reasons, but also in order to 
improve handling and operation of such a tonometer, the so-called 
hand applanation tonometer (Draeger, 1965) was developed. In 
addition to being very simple to use, this device is completely 
independent of position and gravity; it can be used on supine 
patients or also in weightlessness during space missions. More 
recently, the advances in microelectronics have allowed a fully 
automatic hand applanation tonometer to be developed. 9-14 It 
requires use of local anesthetic, but can measure the intraocular 
pressure with precision in a few seconds. A coaxial optic allows 
observation of the applanation surface, and measurement is fast 
and automatic (Fig. 17). 
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Figure 17. Fully automatic hand applantion tonometer. 


A single discretionary measurement of elevated eye pressure 
is not necessarily valid evidence for the existence of glaucoma. 
Sampaolesi (1964) demonstrated that the amplitude of daily pressure 
changes is a more important diagnostic feature (Fig. 1 8). 

It is entirely possible that an afternoon reading in the eye clinic is 
inconspicuous, while the pressure is 10 to 15 mmHg higher during 
the critical hours of early morning. In doubtful cases, it is therefore 
recommended to take several measurements. 

Especially in the USA and with opticians, the so-called air-puff 
tonometer is in general use. It can, if necessary, be used without local 
anesthesia (although this is very unpleasant for the patient). 
Measurements with this device become increasingly inaccurate with 
increasing eye pressure. 

The so-called "impression tonometry" (FHjalmar Schiotz, 1905), 
which was earlier a routine method, is no longer in common use 
because of its relative inaccuracy. It is, however, a comparatively 
easy method for non-ophthalmologists. 
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Figure 18. Circadian pressure curve. 
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Other principles of measurement, such as the application of 
impedance technology and ultrasound measurements, have not yet 
been established due to complicated application methods or the lack 
of accuracy. 

Visual Acuity (Visus) 

Vis us testing 

Visual acuity is defined as optimal resolution ability, if necessary with 
correction by optical aids. Visual acuity is measured by determining 
how close two objects can be to each other and still be distin¬ 
guished by the eye as separate. In order for two objects to be per¬ 
ceived as separate, there must be at least one non-excited cone 
between the two excited cones in the retina. The normal eye has 
the ability to resolve a spatial pattern separated by a visual angle of 
one minute of arc. 

Visual acuity can be evaluated by means of the Landolt broken 
ring (Landolt C optotype) (Fig. 19). The opening of this optotype is 
one-fifth of the diameter and the same as the thickness of the ring. If 
the localization of the opening can be correctly identified when viewed 
under a visual angle of one minute of arc, the visual acuity is 1.0. 
The chart is generally placed at a distance of five to six meters. 
A doubling of the distance without changing the size of the Landolt 



Figure 19. Landolt-Ring (T = total size, G = space, W = ring thickness). 
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rings requires a resolution ability of 0.5 minute of arc, which corre¬ 
sponds to a visual acuity of 2.0. Similarly, a visual acuity of 0.5 is 
adequate to properly localize the opening at half the distance with 
the same size Landolt rings. 

Although a visual acuity of 1.0 defines "normal vision" (normal 
visual acuity), young people in general possess a visual acuity rang¬ 
ing between 1.2 and 1.6. For visus testing, the Landolt rings should 
be positioned with the opening in the four straight axes and also in 
the four diagonal axes. With a visual acuity of at least 0.4, a visus 
level is recognized when six out of 10 Landolt rings are identified 
without hesitation. With lower visual acuity, at least three out of five 
must be correctly identified without hesitation. Additional visual acu¬ 
ity results, such as "partially recognized" should be avoided. In some 
countries, the visus levels are reported as quotients. The quotient is 
the ratio between the examination distance and the distance at which 
a test letter of equal size corresponds to a visus of 1.0. The visus lev¬ 
els commonly used in Germany are 6/6 = 1.0, 6/9 = 0.7, 6/12 = 0.5, 
6/18 = 0.3, and 6/60 = 0.1. In practice, visual acuity examinations are 
often made by using Snellen test charts with numerals or letters. The 
disadvantage of such test letters is that they are not equally legible. 
Round numbers, such as 8, 9, 6, 3, and 0 are more easily confused 
than straight numbers such as 4 and 7. Some alphabetic letters are eas¬ 
ily recognizable, such as L, I, andT, while others, such as G, R, and B 
can easily be confused. 

Static visus testing 

Not only the type of test letter, but also its color, the contrast to its 
environment, presentation length, peripheral illumination, and the 
adaptive ability of the eye play significant roles. Test letters are gen¬ 
erally black on a white background. Visual acuity declines with 
reduced object contrast, but very high contrast can also impair visual 
acuity. If contrast does not go below 85%, no effect on visual acuity 
is to be expected. Visual acuity rises with background illumination up 
to a maximum, and then falls off when the illumination is so strong 
that glare develops. Commercially available test letter displays that 
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are illuminated from behind usually fulfil the requirements, as long 
as the ambient illumination does not fall below 20% of the display 
illumination. Near vision testing takes place at 30-50 cm and 100 cm. 
Also here, sufficient illumination of the test letters is necessary. The 
test letter display should be clean and exhibit high contrast, while the 
surface should be non-reflective and dull. When illumination has 
been optimized, it should no longer be changed. Daylight tends to 
vary and is therefore unsuitable for vision testing. Because not every¬ 
one is in the position to ascertain contrast and light intensity, it may 
be necessary to utilize the services of a professional optometrist prior 
to starting vision testing and refraction. 

Dynamic vis us testing 

In addition to the described static visus testing, it is also possible to 
test dynamic visual acuity by utilizing moving optotypes. Although 
the dynamic visual function is very important for pilots, neither stan¬ 
dardized test procedures nor requirement limits have been estab¬ 
lished. Dynamic visual acuity does not directly correlate with static 
visual acuity. 

Pinhole test 

To differentiate refraction errors from organic disease, a pinhole test 
can be used. If vision improves with pinhole, the reduced visual acu¬ 
ity is due to refractive error. 

Contrast sensitivity 

In order to evaluate contrast sensitivity, stripe patterns with sinusoidal 
contrast dispersion and a variety of frequencies are presented. The 
stripe pattern is presented in the vertical as well as inclined to the left 
and right positions, in order to better determine recognition. 

Contrast sensitivity and visual acuity are two different functions 
that are not correlated. In many cases, it makes sense to determine 
contrast sensitivity in addition to visual acuity. Because requirement 
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limitations do not exist, this examination has not yet found its way 
into aeromedical certification evaluations. 

Refraction 

Normal vision (emmetropia) exists when parallel light rays are 
sharply focused onto the retina without accommodation. In many 
cases, this can only be achieved by way of corrective lenses. If the 
focal point is shifted away from the incoming light, a convex lens 
(spherical plus lens) is necessary. If the focal point is shifted toward 
the incoming light, a concave corrective lens (spherical minus lens) 
is required. 

Often, there is an additional corneal curvature (astigmatism) that 
must be offset with a cylindrical lens. A cylindrical lens breaks light 
most strongly perpendicular to its axis. In a plus-cylindrical lens, one 
surface is flat, the other convex; in a minus-cylindrical lens, one is 
flat and the other concave. When both radii of curvatures are per¬ 
pendicular to each other, a regular astigmatism exists, which can be 
equalized with a cylindrical lens. If the axes are not perpendicular to 
each other, then the focal point cannot be optimally corrected with 
glasses. Most common is regular astigmatism, which is curved 
steeper in the vertical (tangential) meridian than in the horizontal 
(sagittal) meridian — so-called with-the-rule astigmatism. In the 
reverse case, one speaks of an astigmatism against-the-rule. Because 
the total astigmatism of the eye is the combined astigmatism of the 
lens and the cornea, a determination of the corneal curvature with an 
ophthalmometer may not be adequate. 

Above all, it is important to deactivate accommodation in order 
to perform an objective refraction examination in those younger 
than 20 years and in adult hyperopes. Paralysis of the ciliary body 
(cycloplegia) can be accomplished by instilling cycloplegic drops 
(tropicamide, cyclopentolate) in the eyes. The examination is then 
carried out with an autorefractor, which is quick, simple, and pain¬ 
less, or by skiascopy (shadow test), which is a task for a specialist. 
However, when performed by an experienced clinician, skiascopy 
has been found to provide a more accurate estimation of refractive 
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error than refraction done with an autorefractor. In order to avoid 
influencing the test results, the pupil size must not be decreased by 
squinting, which increases depth perception. The distance between 
the corrective lens and corneal crown should always be 12 mm. 
One should be mindful of this when using phoroptor and trial 
lenses. Even though the aeromedically recommended limitations for 
spherical and cylindrical correction may be subject to criticism, 
there are good reasons for these limitations, not only regarding 
visual acuity but also regarding correction requirements. The 
stronger the correction, the poorer the uncorrected visual acuity in 
the event of lost glasses. As a security measure, substitute glasses 
should be immediately accessible in flight. Retinal detachment is 
more common in individuals with severe myopia, as the retina 
becomes thinner and overly stretched with increasing size of the 
eye, and the risk of angle closure glaucoma is higher in individuals 
with high-grade hyperopia. But these are not the salient reasons for 
the stipulated limitations. The real reason lies much more with the 
corrective lenses themselves. Increasing refractive power leads to 
optical aberrations in the periphery of the lenses, which are partic¬ 
ularly troublesome when the pupils are dilated. High plus-lenses 
additionally lead to a reduction in peripheral vision. Corrective 
lenses are allowed in the cockpit provided they are suitable for dis¬ 
tant, near, and intermediate vision, so that the pilot will not need to 
change glasses in flight. This creates an additional problem for early 
presbyopic individuals. Although they can read charts with the near 
vision portion of their glasses, see the instrument panel with the 
intermediate portion and outside of the cockpit with the distant 
vision portion, they can only read the relatively close overhead 
panel by extreme extension of the neck in order to look through the 
lower segment of their glasses. 

Placing relevant flight information onto the instrument panel at 
an intermediate distance would alleviate much of this problem. An 
alternative to bifocal or trifocal lenses are the so-called progressive 
lenses or Varilux lenses, where the distant vision area transitions 
smoothly into the near vision area. Some pilots find it difficult to get 
used to progressive lenses and may need a familiarization period of 
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one to two weeks on the ground before they can comfortably and 
safely use such lenses in the cockpit. 

Visual Field Examination (Perimetry) 

The visual field is the area that can be perceived by the non-moving, 
forward-looking eye. It encompasses all the points in space that can 
be seen simultaneously while the eye is fixating on a point. The visual 
field examination is performed one eye at a time. The subject fixates 
on a central point inside a hemisphere under defined adaptation con¬ 
ditions and certain peripheral illumination. 

Kinetic visual field testing is performed by moving light sources 
from the periphery into the hemisphere. Light sources of equal size 
and intensity provide a concentric circle of equal perception (isopter). 
When the subject perceives the light source, he activates an acoustic 
signal, and the location of the perception is recorded by the exam¬ 
iner. As the test markers become smaller and less intense, the dis¬ 
tance of the isopters from the center become smaller. 

Static perimetry is often preferred, as it can be done automati¬ 
cally and independent of an examiner; this, however, can in certain 
cases be a disadvantage. In static perimetry, the intensity of a non¬ 
moving light source increases until it is perceived. The position of the 
presented light source occurs randomly. The testing grid becomes 
coarser toward the periphery. During the test, light sources appear in 
the area of the anatomic blind spot in order to verify fixation. Relative 
or absolute visual field defects always require additional diagnostic 
evaluation. The outer limit of a normal visual field for high stimuli 
lies approximately 90° temporally, 60° nasally, 50° above, and 
80° below. Scotomas that lie far outside the usable visual field or sco¬ 
tomas in the nasal area, which is covered by the other eye, are not 
necessarily disqualifying, but must not be of a progressive nature. 

Color Vision 

Disorders of color perception can be inherited or acquired. Most 
common are disorders of red-green vision, which occurs primarily in 
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males, as it is inherited as a recessive x-chromosome. Green weak¬ 
ness (deuteranomoly) is the most common, followed by red weak¬ 
ness (protanomaly), followed by green blindness (deuteranopia) and 
red blindness (protanopia). Disorders of blue-yellow vision are very 
rare. There is no area where aeromedical ophthalmologists are in 
more disagreement than in the selection of appropriate color vision 
examinations and the standardization of regulatory limitations. 
Certainly, the evolution of multicolor displays increases the need for 
reliable color vision ability. 

Pseudoisochromic color plates 

In Germany, the Ishihara and Velhagen tests (Fig. 20) are prevalent. 
The instructions accompanying these tests are to be followed closely, 
particularly regarding illumination (daylight or artificial daylight) as 



Figure 20. Pseudoisochromatic plate. 
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this can profoundly affect the outcome. Presentation time of each 
plate is also stipulated and should not exceed three seconds. The 
order of the plates should be random and unknown to the examinee. 
If all plates are correctly identified without hesitation, a normal 
trichromatic vision can be assumed. 

Anomaloscope 

A quantitative assessment of color perception is possible by using 
Nagel's anomaloscope or other similar devices. The test method is 
based on Raleigh's color matching equation: red + green = yellow. 
The test ocular consists of two halves; a lower yellow half which can 
change in intensity, and a red-green upper half which the patient 
adjusts by turning a knob, thus mixing red and green until the color 
of the upper half corresponds to the yellow color of the lower half. 
The anomaly quotient can be determined by the amount of adjust¬ 
ment used. A normal trichromatic person sets a medium setting and 
has an anomaly quotient of 1.0, but values between 0.7 and 1.4 are 
generally considered within normal limits. An anomaly quotient 
between 0 and 1 indicates a defect in the red range, while an anom¬ 
aly quotient between 1 and infinity indicates a defect in the green 
range. 

Simulator test 

Currently, there is no suitable test, so this option is not yet available. 
The author is currently working on the development of a simulator 
test, in which perception of colors used in aviation can be tested. 

Signal light test 

The signal light test requires the subject to correctly identify red, 
green, and white. The colors are presented by way of lightbulbs or 
light signals in an irregular and previously unknown series, which 
must be recognized without hesitation. Test results are unreliable and 
the method cannot be recommended. 
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Lantern test 

Just as the anomaloscope is not widely used outside Cemany, so is 
the lantern test not common in Germany. For the purpose of test¬ 
ing for medical certification, the FHolmes Wright and the Beyne's 
lanterns play a particularly important role, but other lanterns are in 
use around the world. Basically, they are all acceptable for 
aeromedical color vision testing as they are used under control¬ 
lable clinical conditions and provide reliable and reproducible 
results. Further information can be obtained from their operation 
manuals. 

Evaluation of Binocular Function 
Ste reops is 

Stereopsis means spatial depth perception. Useful tests are theTitmus 
test or the random-dot test. These tests rely in part on the polarization 
process, whereby each eye looks at a slightly displaced image. Through 
sensorial fusion, an impression of spatial perception occurs. To what 
extent and to what degree intact stereopsis is necessary for safe flight 
has not been established and the issue is not entirely without contro¬ 
versy. Stereopsis is only possible up to a distance of about 30 meters. 
In the flight standards of ICAO and JAA there are no requirements for 
stereopsis for any class of medical certification. 

Heterophoria 

Phoria is the relative directions assumed by the eyes during binocu¬ 
lar fixation of a given object in the absence of an adequate fusion 
stimulus. FHeterophoria (latent strabismus) is a reaction to an inter¬ 
ruption of the sensory-motor feedback control system. The need to 
compensate for heterophoria by sensory-motor fusion can cause 
asthenopic complaints, such as headaches. Fatigue can lead to 
decompensation and double vision. If visual perception is uncoupled 
between the right and left eye, each eye will take a resting position. 
If the relative directions assumed by the eyes are parallel to each 
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other, orthophoria is present. Commonly, there is a deviation toward 
the midline (esophoria) or laterally (exophoria), or less commonly 
vertically (hyper- or hypophoria). The quantitative testing of phorias is 
best accomplished at five meters with a Maddox rod and rotating 
prisms, and close up with the Maddox wing. 

Eye position and motility 

It is easy to test eye position by illumination with a flashlight and 
determine the corneal reflex. Testing of eye motility is performed in 
both horizontal axes (abduction and adduction) as well as the 
oblique axes (upward in abduction and adduction, downward in 
abduction and adduction). Evaluation of eye motility disorders 
requires considerable experience and the AME should not hesitate to 
refer doubtful cases to an ophthalmologist. 

Convergence 

Convergence is the simultaneous inward movement of the eyes 
toward each other, necessary to maintain single binocular vision 
when an object is viewed at close distance. The near-point of con¬ 
vergence is generally determined by asking the examinee to focus on 
an object (e.g., the top of a pencil), which is then slowly moved 
closer and closer to the eye until one eye diverges. In the healthy sub¬ 
ject, this point is less than 10 cm. 
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INTRODUCTION 

Although practically all relevant sensory modes are grouped together 
or at least closely associated within the specialty of otorhinolaryn¬ 
gology, ENT medicine is accorded comparatively little attention in 
aviation medicine. Yet it is precisely this discipline that has the most 
specific involvement with the standards for medical fitness, and we 
intend therefore to deal with it accordingly in the following. 

By prevention and therapy, dentistry contributes to aviation med¬ 
icine with a reduction in the risk of aerodontalgia, which may occur 
during flight, caused by pressure changes in the aircraft cabin. 

THE EAR 

The ear is the unit of organs and body parts that facilitate hearing and 
balance. The auditory system is divided into the outer ear, the middle 
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ear, and the inner ear. The outer ear consists of the auricle, the external 
auditory canal, and the external surface of the eardrum. The middle ear 
is situated in the pars petrosa of the temporal bone and is surrounded 
by air-filled cavities lined with mucosa, the mastoid cells, which are 
ventilated via the tympanic tube (tuba Eustachii) from the nasopharynx. 
The most important auditory structure of the middle ear is the ossicular 
chain, comprising hammer, anvil, and stirrup. These transmit sound 
from the eardrum to the inner ear. This is likewise located in the petrosal 
pyramid and consists of a system of cavities filled with lymph fluid in a 
particularly dense bone capsule. In its anatomy and evolution, the inner 
ear is one unit, which, however, contains organs with two different 
functions, namely organs for hearing and balance 1 (Fig. 1). 


External Ear 

The external ear includes the auricle, the external ear canal, and the 
outer surface of the eardrum. The soft skin of the auricle (auricula) is 
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Figure 1 . Diagram of the external ear, the middle ear (in color), and the inner ear 
(hearing and balance organ); drawing by author. 
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supported by elastic cartilage; the only part without cartilage is the 
earlobe (lobulus), which consists only of fatty tissue. Every normal 
auricle has certain folds, divided into the helix, the antihelix, 
the cavum conchae, the porus acusticus externus, and the tragus. 
There is a great range of variation between individual forms. The car¬ 
tilage structure of the auricle is linked to several small muscles, 
which are very rudimentary in humans and are no longer relevant for 
their original task of changing the position of the auricle to improve 
directional hearing. 

The external ear canal is approximately 3.5 cm long and contains 
several bends. It is lined with epidermis, extends to the eardrum; the 
outer third consists of cartilage and the inner two-thirds consist of 
bone. Here, the skin lies directly on the wall of the bony canal, which 
is formed from the pars tympanica, the pars petrosa, and the pars 
squamosa of the temporal bone. The front wall of the osseous ear 
canal helps form the temporomandibular joint, while the posterior 
wall and the roof border on the air-filled cavities of the middle ear, in 
particular, the mastoid. 

Hairs are present only in the external part of the ear canal. They 
become sparser towards the bony part and are completely absent in 
the interior. Ceruminous glands produce cerumen, emerging next to 
the hair follicles in the external ear canal. 

Disease of the external ear 

Diseases of the external ear include deformations, consequences of 
trauma, infectious and non-infectious processes, and tumors. Since 
unobstructed sound conduction to the middle ear is necessary for 
normal hearing, all dysfunctions can be relevant for the AME. 
Infectious processes in the external ear can be extremely painful. 
Complications associated with an initially superficial infection (otitis 
externa) occur when it spreads to the cartilage (perichondritis) or to 
the bone (osteomyelitis) in the surrounding area. Foreign bodies in 
the ear canal normally result in diminished hearing and numbness. 
They should be removed by flushing with water at body temperature 
but only if the eardrum (anamnesis) is intact. Otherwise, foreign 
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bodies are removed with instruments, best under a microscope. In 
the event of a lesion of the ear canal, pain, bleeding, and purulent 
secretion may occur. 

Post-traumatic or surgical loss of the auricle, if not resulting in 
loss of hearing, does not in general reduce medical fitness; neither 
does reconstructive surgery or bone-anchored epithesis. 

The Middle Ear and the Barofunction 

The middle ear consists of the eardrum (membrana tympani) and the 
tympanic cavity (cavum tympani). The eardrum is a three-layered 
membrane separating the ear canal from the middle ear. It is approx¬ 
imately 0.3 mm thick and has an area of about 0.55 cm 2 . The pars 
tensa is a thin epidermal layer of skin from the ear canal covering 
a mesodermal, elastic layer of connective tissue which allows 
the eardrum to oscillate. The connective tissue layer is missing 
only in the area of the pars flaccida, which is located to the upper 
rear, where the eardrum is double-layered. The surface of the 
eardrum facing the tympanum is covered by mucosa. 

The tympanic cavity is the largest and most important cavity in 
the middle ear. To the front it borders on the canal of the internal 
carotid artery, and to the rear on the processus mastoideus, below on 
the bulbus of the jugular vein, and its medial wall is next to the 
labyrinth. Above the roof of the tympanic cavity is the medial cranial 
fossa. The tympanic cavity provides air to the mastoid. It contains the 
ossicular chain, consisting of the hammer (malleus), anvil (incus), 
and stirrup (stapes), the middle ear muscles (m. stapedius and m. ten¬ 
sor tympani) and the chorda tympani, the fibers of which are inte¬ 
grated into the facial nerve (n. facialis). The canal of the facial nerve 
passes the stirrup and forms with the promontorium the oval niche. 
The oval window contains the stapes footplate, while the round win¬ 
dow by means of a membrane separates off the scala tympani of the 
inner ear. The oval and round windows are movable in the direction 
of the inner ear. A functionally important connection from the tym¬ 
panic cavity to the nasopharynx at the back of the nose is the tuba 
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auditiva Eustachii, a cartilagenous tube that ensures the supply of air 
to the middle ear cavities and is controlled by m. tensor and m. levator 
veli palatini. The mucosa in the tympanic cavity is supplied with sen¬ 
sory nerve fibers from the plexus tympanicus and, to a lesser degree, 
from the sympathetic plexus of the internal carotid artery. M. stapedius 
is supplied by the facial nerve, and m. tensor tympani by the trigem¬ 
inal nerve. The lymph canals in the middle ear are connected with 
those in the external ear and the eardrum. 

In line with the requirements set forth in the Medical Provisions 
of Annex 1 to the International Convention on Civil Aviation and 
detailed in various medical standards 2 4 for examinations of medical 
fitness for Class 1 and 2, we intend to set out the main dysfunctions 
of aeromedical relevance. 

According to Boyle-Mariotte's Law, the volume of a gas behaves 
at constant temperature proportionately to its pressure. The most 
frequent pressure-related dysfunction of the ears and sinuses occurs 
during descent due to the increased air pressure in the cabin. 
This happens both in private aeroplanes and in simple business 
planes without pressurized cabins and in larger passenger aircraft. 
In airliners at normal cruising altitudes of 33 000 to 41 000 ft above 
sea-level, a cabin altitude of maximum 8000 ft is ensured and 
the cabin pressure adjusted to the cruising altitude by means of 
a pressure-regulating air conditioning system. During normal flight 
conditions, computerized regulators ensure a rate of climb, tolera¬ 
ble for ears and sinuses, of 500 ft/min and a rate of descent of 
300 ft/min (Fig. 2). 

Particular circumstances may, however, demand a rapid descent 
and thus cause a rapid rise in ambient pressure, and the ear will then 
have to equalize the air pressures on either side of the drumhead 
very quickly. Regular aeration of the middle ear by trouble-free ven¬ 
tilation of the Eustachian tube is a prerequisite for safe flying. Tube 
ventilation is partly an active, partly a secondary process. In its nor¬ 
mal condition, the tube is closed by virtue of the tension of the elas¬ 
tic tube cartilage and the surface tension of the membrane from the 
tube ostium in the epipharynx to the middle ear cavity. By means of 
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Altitude 


Sudden decompression 



Figure 2. Diagram of flight profile at altitude (cruising) and emergency descent 
with rapid decompression of the pressurized fuselage to ensure capability of the 
crew to work and act and avoids health risks to passengers. If the automatical ly low¬ 
ered oxygen masks are used properly, risks are reduced. The emergency descent 
maneuver varies from aircraft type to aircraft type. The interior altitude of the cabin 
(-) to a maximum of 3000 m (A) in cruising flight ensures a lower pressure dif¬ 

ference in the event of rapid decompression to 1200 m, in the event of a large hole 
of the size of a door (B), or lower altitude in the event of a smaller hole (e.g. a burst 
window (C)). 


techniques such as swallowing, yawning, jaw movements, speaking 
or singing, the tube is opened by synergetic contraction of the mm. 
tensor et levator veli palatini 5 (Fig. 3). 

Spontaneous opening of the tube, even without any auxiliary 
action such as yawning or similar, has been observed regularly dur¬ 
ing decompression chamber tests with simulated rate of descent of 
15 m/s (2700 ft/m). Opening of the tube, which takes about 0.2 seconds, 
occurs regularly throughout the day provided the tube mucosa, the 
middle ear cavities, and the tube ostium in the nasopharynx are 
normal and not pathologically swollen as during a common cold. 
During ascent, a passive equalization of pressure in the middle ear to 
the nasopharynx takes place when a pressure difference of 1.5-1.8 kPa 
is reached. The pressure difference can also be equalized by swal¬ 
lowing or pinching the nose. During descent with increased ambient 
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Figure 3. Opening and closing process of the 3.5 cm long Eustachian tube during 
pressure equalization of the middle ear. Normal widths of the tube lumina in 
millimeters. 

air pressure in the cabin, tube opening is facilitated by speaking, 
yawning, or by Valsalva manoeuvre, but this is possible only up to a 
pressure difference of 0.8-1.2 kPa; beyond this level, it is no longer 
possible to force open the tube and barotrauma of the middle ear 
occurs. This is known as aerootitis or aviator's ear. 6 

A e rootit is 

In the event of acute symptoms occurring after landing, painkillers 
and decongesting nose drops are indicated. Individuals who fre¬ 
quently experience mild aerootitis when traveling by air may be 
helped by a special kind of ear plugs known as ear planes which have 
proved to be useful in ensuring long and continuous equalization of 
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the rapid change of pressure in the cabin during take-off and landing. 
They can be used also by those cabin attendants who are prone to 
barofunctional disturbances. In the case of eardrum secretion or 
haemotympanum, myringotomy may be indicated to relieve the 
symptoms and prevent subsequent middle ear problems. Recurring 
aerootitis should be treated by an ENT specialist. Treatment modali¬ 
ties include corticoid preparations and mucolytics and, if tube dys¬ 
function persists, insertion of small tubes in the eardrum to equalize 
the pressure and facilitate the drainage of secretion (Figs. 4A and B). 
The tubes must be left in place until trouble-free function of the 
Eustachian tube is restored. If aerootitis recurs, the cause may be one 
of various forms of chronic otitis media. This condition should be 
treated with medication and/or surgically. An allergic rhinopathy 
should also be considered as a cause and anti-allergic medication 
prescribed. Although tube closure is found less frequently than 
obstructed breathing through the nose. Return to flying depends on 
recovery of hearing (audiogram) and proof of normal tube function 
(tympanogram). The AME should always inspect the ear canals and 
the eardrum, if necessary after cleaning of the ear canal. Changes 
in the eardrum (scarring or perforation) and eardrum movement (test 
of the patency of the tube) can only be clearly seen when a pneumatic 
otoscope is used. 



Figure 4. A. Paracentesis for relieving pressure (diagram). B. Tympanic tubes (Teflon, 
Shepard type) after suction of a mucotympanum from a left ear. The rounding of the 
eardrum to the fore can be clearly seen (operation photo). 
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Diseases of the middle ear, reconstructive surgery 

Depending upon course and degree of seriousness, three different 
middle ear pathologies are distinguished: tube and middle ear 
catarrh, acute otitis media, and chronic otitis media. Each of these 
pathologies occurs in different forms, which vary diagnostically and 
with regard to treatment, possible complications, and long-term 
effects on hearing. 

The mucosa in the tuba auditiva and middle ear is affected to a 
greater or lesser degree by any inflammation in the nose and 
nasopharynx. This results in swelling of the mucosa with increased 
secretion. Acute middle ear catarrh leads to reddening of the 
eardrum and hearing loss due to secrete collecting in the tympa¬ 
num. If the secrete does not drain into the nasopharynx within a few 
hours, the secondary mucosal reaction results in additional swelling 
which causes the secrete to remain in the tympanic cavity (otitis 
media serosa acuta). Chronic middle ear catarrh (otitis media serosa 
chronica), characterized by mucotympanum, is the result of a partic¬ 
ular disposition of the mucosa (allergy), recurring middle ear infec¬ 
tions, insufficient medication or anatomical obstructions (tumors, 
scars, or adenoids). The main symptom is conductive hearing loss, 
combined with a feeling of numbness in the affected ear. Treatment 
consists of myringotomy and the incision may have to be held open 
with an aeration tube (tympanic tube) for several weeks depending on 
the viscosity of the secretion. If a middle ear catarrh is left untreated, 
there is a risk of irreparable changes in the middle ear with sclerosis 
of the ossicular chain (tympanosclerosis) and permanent hearing 
loss. Long-lasting under-pressure in the middle ear then results in an 
adhesion process or tearing of the eardrum and a permanent perfora¬ 
tion. A cholesteatoma can also develop from an adhesion process. 1 

A tympanic tube correctly fitted removes pressure equalization 
problems and restores normal hearing straightaway but is not com¬ 
patible with safe flying. The tube should be removed after three 
months if it has not been spontaneously rejected before then. Normal 
tube function and eardrum should be demonstrated by tympanome¬ 
try before return to flight duty. 
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Acute middle ear infection (otitis media acuta) is caused by 
bacterial infection supervening a middle ear catarrh; primary symp¬ 
toms are serious earache and fever. At the height of the infection, 
myringotomy is indicated. If not undertaken, a spontaneous eardrum 
perforation often occurs, which brings significant relief to the patient. 
The eardrum perforation normally closes spontaneously as the infec¬ 
tion clears up, within two to three weeks. During this period, hear¬ 
ing becomes normal again. Infectious diseases, particularly virus 
infections, may follow an atypical course. 

Chronic middle ear infection (otitis media chronica) is generally 
not caused by insufficient treatment of the acute form of the disease, 
but rather by recurring infections in patients with reduced mucosal 
resistance of the upper respiratory system and the middle ear, either 
constitutional or acquired in childhood. The chronic infection has 
essentially two forms, either a relatively harmless chronic suppura¬ 
tion from a large eardrum defect in the area of the pars tensa (meso- 
tympanal otitis media chronica), or a more dangerous bone 
suppuration with a defect in the area of the pars flaccida (epitympa- 
nal otitis media chronica). 7 

Hearing is in most cases restricted, but the extent of the eardrum 
defect bears no relation to the loss of hearing. Scarring of the middle 
ear structures and damage or interruption of the ossicular chain may 
result in conductive hearing loss of 30 to 50 dB, while inner ear per¬ 
formance may remain unaffected. Over time, however, recurring 
infections and toxic influence also lead to diminution of the inner ear 
function. 

When bone suppuration with epitympanal defect occurs, the 
epithelium in the ear canal grows into the middle ear and forms a 
gathering of epidermal scales, which are unable to flow out of the 
close confines of the middle ear. The chronic infection and the 
build-up of detached skin scales provide a good breeding ground for 
a cholesteatoma. Depending on the state of the infection and the 
extent of the cholesteatoma, the neighboring middle ear structures 
are destroyed. If a cholesteatoma grows, all otogenic complications 
such as mastoiditis, labyrinthitis, facialis paresis, sinus thrombosis, 
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meningitis, epidural abscess, and brain abscess may occur. If untreated, 
a cholosteatoma can, in spite of slow growth, cause death via one 
of the complications mentioned above. This distinguishes it funda¬ 
mentally from chronic mesotympanal otitis media. A cholesteatoma 
must always be surgically treated. 

The aim of the operation is complete removal of the cholesteatoma 
without damage to functionally important structures to the extent they 
have not already been destroyed by the cholesteatoma. In the same 
session, if possible, tympanic reconstruction is carried out with clo¬ 
sure of the eardrum perforation and reconstruction of the ossicular 
chain (to improve hearing). Improved hearing should, however, be 
regarded as being of secondary importance to complete sanitation. 
Large and recurring cholesteatomas are treated with a radical opera¬ 
tion, which leaves behind a radical cavity that needs constant care. 
Smaller cholesteatomas may be operated on endaurally, retaining the 
posterior wall of the ear canal. To prevent recurrence, it has proved 
useful to carry out a follow-up operation to check that all is well. Even 
after a successful middle ear operation with a reconstruction of the 
sound conduction chain with bone, cartilage, ceramic, plastic, or pre¬ 
cious metal implants, more or less heavy sound conduction dysfunc¬ 
tion is to be expected from scarring. Aeration of the middle ear 
cavities via the Eustachian tube is an indispensable prerequisite for the 
long-term success of surgical sanitation of the middle ear. 7 

Medical certification after reconstructive and prophylactic ear 
surgery may be considered in consultation with an ENT specialist. 

Inner Ear (Vestibulo-Cochlear System) 

The hearing organ (cochlea) and balance organ (vestibular system) 
together form the "inner ear" in the petrosal pyramid. The sensory 
apparatuses are located in the membraneous labyrinth, which is 
filled with endolymph. The membraneous labyrinth is located in the 
bony labyrinth where it is surrounded by perilymph. The skin-lined 
labyrinth includes the three semicircular canals, the vestibulum, and 
the cochlea. 
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The cochlea contains the sensory cells of the hearing organ. The 
cochlear canal in the adult has two-and-a-half bends and a total 
length of 32 mm. It winds about a cylindrical axis and is subdivided 
into three chambers: the scala vestibuli and the scala tympani, which 
are filled with perilymph and are connected at the tip of the cochlea 
via the helicotrema, and the scala media (ductus cochlearis), which is 
filled with endolymph. The ductus cochlearis is separated from the 
scala vestibuli by Reissner's membrane (the vestibular membrane) and 
from the scala tympani by the basilar membrane, on which Corti's 
organ, the actual hearing organ, is located. It reaches from the basal 
bend to the apex and consists of sensory cells (hair cells) and sup¬ 
porting cells. The approximately 1 7 000 sensory cells of Corti's organ 
are distributed into one row of inner hair cells and three rows of outer 
hair cells. 95% of the nerve fibers of the n. cochlearis are connected 
with the inner hair cells, and only 5% of the fibers are connected with 
the outer hair cells. In the inner ear canal is the VIIIth cranial nerve (n. 
vestibulocochlearis), which contains the nerve fibers from the sensory 
organs of both the hearing and the balance systems (Fig. 5). 

The central auditory pathway includes the afferent hearing 
system with its peripheral part, pars cochlearis of n. vestibulo¬ 
cochlearis, and a central part, which contains the central auditory 
pathway as well as sub-cortical and cortical hearing centers. The sec¬ 
tion of the auditory nerve above the cochlea is also described as 
retrocochlear, which is why hearing dysfunctions originating there 
are also so designated. The ascending nerve fibers run to the nucleus 
cochlearis dorsalis and the descending ones to the nucleus 
cochlearis ventral is. From the dorsal core, the fibers cross over to the 
contralateral olivary nucleus. Other interfaces for the central auditory 
pathway are the lemniscus lateralis, the colliculus inferior, the corpus 
geniculatum mediale, and the primary hearing cortex 8 (Fig. 6). 

FHearing is tested at several different levels. In the whisper test, 
understanding of conversational speech and whispered speech is 
tested. 9 

It should be noted that this test is purely for screening, as it is not 
standardized and the results are not reproducible. Nevertheless, 
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Figure 5. Diagram of the pressure transfer between the oval and round windows 
with creation of a wandering wave on the basilar membrane (modified after 
Plath 9 ). 


whisper tests are widely used for renewal examinations for the 
medical certificate. Schoder, in his paper presented at the Medicine 
and Mobility Conference in Berlin in September 2000, has convinc¬ 
ingly shown the difficulties of testing hearing without an audiometric 
test, 10 as the degree of noise-induced hearing impairment that 
restricts speech comprehension is significantly less than the degree 
of hearing loss accepted for medical certification (Fig. 7). 

Tuning fork tests provide valuable diagnostic information. In 
Weber's test, the sound from the tuning fork placed on the center of 
the cranium is lateralized to the affected ear in the case of conduc¬ 
tive hearing loss and to the better ear in the case of inner ear 
(sensorineural) hearing loss. In Rinne's test, air and bone conduction 
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are compared in each ear separately (air < bone = conductive hear¬ 
ing loss = Rinne negative; air > bone = inner ear hearing loss or nor¬ 
mal hearing = Rinne positive). 

Exact and reproducible hearing test results can only be obtained 
from electro-acoustic measurements with a calibrated audiometer. 
Audiometry where the examinee has to state what he or she can hear 
and where the results are dependent on his or her cooperation are 
called subjective audiometry, while tests for which no cooperation is 
necessary are called objective audiometry. The subjective test meth¬ 
ods are divided into hearing threshold determination (sound audiom¬ 
etry) with measurements of air and bone conduction, speech 
audiometry with various tests comprising standardized words of one 
syllable and several syllables or sentences, and over-threshold tests 
for differential diagnosis and topodiagnosis of hearing dysfunction. 



^ A 

Figure 6a. Possible localizations of damage that can result in peripheral (vestibular) (A) 
intermediary (along the course of the VIIIth cranial nerve) (B), and central vertigo (C). 





Figure 6b. Diagram of a possib 
regions of the auditory pathway to 
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Figure 7. JAA and ICAO hearing requirements and the frequency range of human 
speech (colored area). Initial examination for Class 1 and 2 medical certification 
(JAA): hearing loss in each ear may not be greater than 20 dB at 0.5 kHz, 1.0 kHz and 
2.0 Hz, and 35 dB at 3.0 kHz (x-x-x). This corresponds to a whisper test from around 
5 m and 5 m surround sound (ss). Renewal examination for Class 1 medical certifi¬ 
cation (JAA) and initial and renewal examinations for Class 1 and 3 (ICAO): hearing 
loss in each ear may not be greater than 35 dB at 0.5 kHz, 1.0 kHz and 2.0 kHz and 
50 dB at 3.0 kHz (0-0-0). Renewal of medical certification for Class 2 (JAA) and ini¬ 
tial and renewal examinations for Class 2 (ICAO) requires an audiogram only for 
instrument flight rating; otherwise, a whisper test at 2 m is considered sufficient. The 
minimum hearing in both ears for Class 2 is conversational voice at 2 m (A-A-A). 
Except in the latter case, the other ear must be masked during testing. 

The results are noted in internationally standardized forms and are 
reproducible. The most important objective hearing test methods are 
the measurement of otoacoustic emissions (OAE) and tympanometry 
with stapedius reflex measurement and the derivation of auditory 
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Figure 8. Summary of the "audiological test battery" for differential diagnostic 
examination of the auditory system from the middle ear to the auditory cortex 
(OAE = otoacoustic emissions; BERA = brainstem evoked response audiometry; 
EcochG = electrocochleography; MLR = middle latency response; CERA = cortical 
evoked response audiometry. 


evoked potentials. These have today largely superseded the simula¬ 
tion tests, previously required 9 (Fig. 8). 

Sudden hearing loss; mb. meniere, acoustic traumai, tinnitus 

Cochlear inner ear infections are always accompanied by a degree of 
hearing loss. The etiological factors resulting in the symptoms are, 
however, not always the same. The long-held view that sudden hear¬ 
ing loss, mb. Meniere and Meniere-like symptoms with and without 
noise in the ears (tinnitus) are consequences of circulatory disorders 
in the inner ear can no longer be upheld. While circulatory disorders 
can play a part in the etiology of these complex pathologies, they are, 
however, not obligatory but rather co-factors. The pathogenic and 
etiological problems of this pathological complex, which is not clear 
even today, can only be dealt with in a cursory manner here. Since 
these pathologies are always accompanied by sensorineural hearing 
loss and frequently by vertigo, they are of essential significance for 
fitness to fly. Sudden hearing loss is a pathology that has developed 
into a therapeutic problem in the recent past due to its frequency. 11 
Deterioration of hearing in one ear occurs quite suddenly, mostly 
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without prodromal symptoms, and is often associated with tinnitus 
and a feeling of numbness, sometimes even vertigo, so that the initial 
symptoms can resemble those of mb. Meniere. The hearing loss con¬ 
tinues, however, for more than a few days and is frequently associ¬ 
ated with tinnitus, while the vertigo quickly subsides again. 
Audiometrically speaking, a loss of hearing, which can affect all fre¬ 
quencies, occurs. The typical sudden loss of hearing is associated 
with a positive recruitment as a symptom of cochlear dysfunction. 
For every sudden hearing loss, the existence of an acoustic neuri¬ 
noma, an apoplectic insult, multiple sclerosis, or complications 
triggered by cerebral processes must be eliminated by careful 
audiometric and vestibular differential diagnosis. Immediate treat¬ 
ment of hypotensive regulatory disorders and psycho-vegetative 
dysregulation usually results in rapid remission. Spontaneous remis¬ 
sions are common during the first few days but therapy may still 
be indicated. 

Morbus Meniere is a paroxysmal disease of the inner ear, always 
accompanied by the triad of rotational vertigo attacks, hearing 
impairment, and tinnitus. Etiologically, it is a hydrops of the mem¬ 
braneous labyrinth. The vertigo attacks last from a few minutes to sev¬ 
eral hours and recur within days or weeks and may be accompanied 
by nausea and even vomiting. During the attack, for a short time, an 
irritation nystagmus can be observed on the affected side, while a 
loss nystagmus can be observed later on the healthy side. 11 FHearing 
impairment is mostly associated with a diplacusis (double dishar- 
monic hearing), where the sound is perceived as higher in the 
affected ear. The tinnitus, accompanied by a feeling of pressure and 
bloatedness in the affected ear, is a particular nuisance. Therapeutic 
measures during the attack are symptomatic, and no causal therapy 
is known. To begin with, hearing loss is reduced during the attack- 
free interval, but later it becomes deeper from attack to attack and the 
affected ear may become completely deaf. In the vestibularis test, 
normal functions are likewise found during the initial intervals, but 
later, and after repeated attacks, under-excitability occurs on the 
affected side. If the frequency of attacks cannot be controlled, 
destructive surgery may be used, the usefulness of which, however, 
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is disputed. In any case, in the event of recurring attacks, the subject 
is not fit to drive or fly. The acoustic trauma is also part of the com¬ 
plex of inner ear affections, but unlike sudden hearing loss, it is trig¬ 
gered by an identifiable factor. Bangs, explosions, noise, dull cranial 
traumas, and sudden changes of pressure can result in degeneration 
of the hair cells in the organ of Corti. Mostly, permanent hearing loss 
results, which is associated with a tinnitus of the same frequency as 
the damaged hair cells. But tinnitus has many causes. Since the 
characteristics of tinnitus involve subjective auditive perception 
without a corresponding sound event, it can occur as an accompa¬ 
niment to all kinds of hearing impairment. The current view is that 
tinnitus is generated by a disorder of the spontaneous activities in 
the auditory passage with the effect of creating the apparent exis¬ 
tence of a sound that does not, in fact, exist. By definition, tinnitus 
cannot be objectified; it is an individual perception without correla¬ 
tion to anything outside the body. It is, however, possible for the 
patient to classify it; this may be done in order to assess the extent 
to which the patient is subjectively affected. Tinnitus is not a disease 
but a symptom, which can occur as a warning signal for several 
organic and psychological disorders. 

Otosclerosis and implantable hearing aids 

Otosclerosis occupies a special place between the diseases of the 
middle ear and those of the inner ear. It is a disease of the bony 
labyrinth, the cause of which is unknown; it results in bone transfor¬ 
mation from spongy to sclerotic bone. Changes in the composition of 
the perilymph and endolymph cause degeneration of the sensory 
cells and inner ear loss of hearing. Otosclerosis most frequently 
begins in the area of the oval window niche, causing ankylosis of the 
stirrup, and thus resulting in progredient conductive hearing loss. 
Affected persons occasionally complain of tinnitus whereas vertigo 
occurs only in exceptional cases. Small deformations in the middle 
ear, post-traumatic chain interruptions, scarring residues following 
middle ear infections and tympanosclerosis should be eliminated by 
differential diagnosis. A tympanoscopy is necessary for final diagnosis. 
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Otosclerosis is treated surgically with a stapes prosthesis and/or 
stapedectomy, in which the immobilized stirrup is removed and 
replaced with a prosthesis that is attached to the long arm of the anvil 
and transmits sound vibrations through the perforated footplate to the 
inner ear (vestibulum). Regardless of the technique and the prosthetic 
material used, hearing is restored in 90% of cases by this operation. 
If left untreated, otosclerosis progresses and can result in almost 
complete deafness (Fig. 9). 

The patient will be unfit for flying for at least three months after 
an operation involving a temporary opening of the inner ear. 
Provided the vestibular function is normal, medical certification may 
be considered in consultation with an ENT specialist. 

Implants are being used less and less in reconstructive middle ear 
surgery, more and more giving way for complete hearing prostheses. 
Technologies and methods in this area vary from osseo-integrated 



Figure 9. Surgically removed stapes with advanced otosclerosis of the footplate 
and stapes replacement prosthesis made of platinum wire with a teflon piston. 
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titanium anchors (BAHA™) to implanted electronic inner ear pros- 
theses (Cochlear Implants). Indication for implantation of a hearing 
system vary from problems with wearing a hearing aid due to skin 
infections with chronic inflammation and suppuration, ear canal 
stenosis, cranial and mandibular fractures, allergies and deforma¬ 
tions, to acoustic and cosmetic problems. A distinction is drawn 
between vibratory amplifier implants, partially implantable ossicle- 
coupled implants, fully implantable ossicle-coupled implants, and 
endocochlear implants. 

Not all implantable hearing systems assume the destruction of 
middle ear and inner ear structures. Passengers can be assumed fit to 
fly with authorized systems after successful implantation, provided 
structures have healed without irritation. There is still insufficient 
experience to permit any assessment of pilots and flight crews. 

Hearing protection 

The inner ear is damaged in typical ways by sound of high inten¬ 
sity. Noise-induced hearing loss always occurs if there is exposure 
to an unphysiologically high sound stress over a period of years. To 
begin with, there is a temporary threshold shift (TTS), which can be 
reversed after a sufficient recovery phase, but on further exposure 
and a lack of rest phases, there is high frequency hearing loss with 
a typical dip at 4000 Hz, which represents a permanent threshold 
shift (PTS). Noise protection measures are prescribed by law for all 
workers exposed to damaging noise in the workplace. This does 
not, however, apply to people in the private sphere, where noise- 
induced damage caused by recreational noise is increasingly com¬ 
mon. In particular, listening to loud music through headphones, in 
discotheques and at concerts but also being exposed to noise from 
artillery, firearms, fireworks, and engine noise of all kinds result 
over time in excess strain on the organ of Corti. It is not possible to 
distinguish between chronic noise damage acquired in the work¬ 
place and that acquired elsewhere. There is no treatment for noise- 
induced hearing loss, so prophylaxis is of utmost importance. Both 
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avoidance of unnecessary noise and personal ear protection such 
as ear plugs, protective ear muffs, and ear protection helmets are 
necessary. 

Problems emerge, however, if spoken communication is absolutely 
necessary and is obstructed because of ear protection. 12 Earlier studies 
of speech intelligibility in flight noise have failed to take into consider¬ 
ation the fact that coherent speech structures can, according to the lis¬ 
tener's level of knowledge and experience, be perceived, even if 
heavily masked by disruptive noise. A realistic assessment of speech 
intelligibility in the cockpit can only be made by using simple non-avi¬ 
ation sentences and test words such as two-digit numbers, phonetically 
balanced words (PBW) and spondee words, and by recording sound 
reception in the pilot's ear canal (MIRE = measure in real ear) (Fig. 10). 


Closed ANC System (Sennheiser) 


DAT-Recorder 



Electronic part of the ANC 


Speech 

transmission 

input 



Figure 10. Measuring system for speech audiometry with the pilot in the cockpit 
during flight with active noise compensation. 
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It is possible to reduce noise intensity and at the same time 
improve speech intelligibility with active compensatory systems 
(ANC = active noise compensation) based on the principle of 
"anti-noise." It is anticipated that more electronic communication 
aids will be developed in the future to avoid undesired disruptive 
noise 13,14 (Fig. 11). 



Figure 11a. Block circuit diagram of active noise compensation in conjunction 
with an open headphone. 
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Figure 11b. Actively compensating headset with active noise compensation in pas¬ 
sively damping protective ear covers (Sennheiser HMEC 2000). 


Inner Ear (Vestibular System) 

Pursuant to the medical provisions for licensing, pilots and other 
applicants for a career in aviation are obliged to give details of 
previous or current illnesses or health disorders. In addition to the 
medical history, the AME must eliminate balance function disorders 
by examining the subject. Assessment of medical fitness requires 
a thorough examination by an otorhinolaryngologist as part of 
the initial examination for Class 1 medical certification. These 
otorhinolaryngological examinations must be repeated at five-year 
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intervals until the age of 40 and every two years thereafter. 
Otorhinolarygological specialist examinations are not required for 
Class 2 medical certificates. At renewal examinations, the same 
dysfunctions and illnesses must be eliminated as for the initial 
examination, therefore the AME must eliminate with a high degree 
of probability dysfunctions of the balance system when carrying out 
renewal examinations for Class 1 and Class 2 medical certification. 

During flight, eyesight and the vestibular system provide the main 
sensory information for balance. Acceleration, hypoxia, and reduced 
barometric pressure, as typical in-flight stress factors, influence the 
pilot's ability to maintain body balance. 15 

The balance organ, arranged in pairs and located in the pyramids 
of the petrosal bones, consists of a membraneous, liquid-filled canal 
system with three semi-circular canals and two sac-like extensions 
(saccule and utricle). The three semi-circular canals (ductus semicir- 
culares) are positioned at right angles to each other, beginning at the 
vestibular aqueduct (vestibulum) with an extended part, the ampule, 
in which the sensory cells are located. In the vestibular aqueduct, 
there are also two sensory cell centers, the utricle and saccule, each 
with a small sac of about 3 mm in length for the sensory cells 
(macula), which are embedded in a colloidal mass and contain on 
the surface crystalline particles (otoliths and calcium carbonate par¬ 
ticles) that react to horizontal and vertical stimuli of linear accelera¬ 
tion. The utricle and the saccule are placed at 90° to each other. 
When the head is inclined, the effect of gravity on the otolith mem¬ 
brane is changed and triggers a feeling of inclination, comparable 
with the feeling caused by forward acceleration of an airplane with 
the head held straight. 

The sensory cells in the semi-circular canals transmit the changes 
from head-turning movements by means of the movement of liquid, 
which results in distortions of the cupula. The otolith organs have for 
some time now been accorded much more significance for the 
vestibular system than the semi-circular canals 16 (Fig. 12). 

Balance stimuli are conducted via the vestibular part of the VIIIth 
cranial nerve and processed with the acoustic part of the nerve 
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Figure 12. Diagram of acceleration forces acting on the vestibular apparatus. 
A: lateral semi-circular canal; B: upper semi-circular canal; C: posterior semi-circular 
canal; D: cupula; E: utricle; F: saccule; G: ductus endolymphaticus; H: sacculus 
endolymphaticus; J: ductus reuniens; K: cochlea. 


(important for directional hearing) and via the various switching 
points and control circuits with the optic system. The proprioceptive 
system, the "measuring sensors" in the skin, muscles, and joints, 
also helps maintain the sense of balance of the body. Finally, the 
intellectual performance (such as reading and believing flight dis¬ 
play information) plays an important role for spatial orientation 
(Figs. 13 and 14). 

The particular importance of this combined function of the three 
most important systems for balance is shown in Fig. 15. Many differ¬ 
ent dysfunctions of the sense of balance can be derived from this. The 
forces and axis equivalents affecting the entire person on take-off and 
landing are shown in Fig. 1 6. 
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Figure 13. Vestibular effect on visual motor performance (after Ref. 26). 
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Figure 14. Diagram of the control circuits of the optic and balance systems. 
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"neural store" 


=> A = B = C 


A. Optic system 

B. Vestibular system 

C. Proprioceptive system 


Figure 15 . Illustration of the complex balance state (after Ref. 21). Balance is estab¬ 
lished when information from A, B, and C is identical. Kinetosis can result from mismatch 
of single bits of information. 
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Figure 16 . Body accelerations, axis equivalents modified during take-off, flight and 
landing (after Ref. 31). 
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Dysfunctions of the opto-vestibular-proprioceptive system, 
vertigo > kinetosis, whiplash injury ' positional vertigo, 
canalolithiasis 

The medical history of the examinee is especially important for 
cranial and brain traumas, metabolic dysfunctions, reduced blood 
supply (hypotension, badly adjusted hypertension, reduced perfusion 
of the a. labyrinthi and the inner ear capillaries), brain tumors, 
arachnoidal cysts, middle ear dysfunctions, disorders of the baro- 
function of the Eustachian tube and inner ear function (morbus 
Meniere, chronic tinnitus, sensorineural hearing loss different on 
either side, acute unilateral vestibular dysfunction), and any kind of 
"vertigo." 

Vertigo is the second most frequent symptom encountered in 
general practice. Possible causes are numerous, so it is important to 
trace a past history of vertigo. If it is assumed that around 10% of 
patients complaining of vertigo offer an unusable, uninterpretable 
anamnesis, and 50% of vertigo symptoms are caused by psychogenic 
factors, then a great number of symptoms with neurological, internal 
medical, and otological causes remain, which can be identified by 
means of thorough history taking. 17 

Peripheral vestibular dysfunctions include rotational vertigo, a 
feeling of elevation, and lateropulsion. Central vestibular disorders 
include unsteady legs, dizziness, general uncertainty when walking, 
"feeling slightly drunk," stupefaction or gaps in consciousness. 

Non-vestibular vertigo has many symptoms, including an empty 
feeling in the head, blackouts, seeing stars, unsteady vision, sudden 
stupefaction, an empty feeling in the stomach, nausea, salivation, 
breathlessness, weakness in the legs, quick or irregular pulse rate, 
stabbing pains in the heart, collapse or loss of consciousness, blurred 
vision or diplopia. 

Two diagnoses should be given special attention, since they 
occur more frequently than is usually supposed. These are "centrifu¬ 
gal trauma" (whiplash injury) 18 and "benign positional vertigo." 19 In 
Germany, a figure of around 400 000 compensation claim cases per 
year has been given for whiplash injury (i.e. damage to the cervical 
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vertebrae caused by an accident). The figure for annual accidents 
with centrifugal traumas with "slight" head acceleration of under 4 G 
to 15 G can be assumed to be far greater, since there is a great degree 
of equalization in the region of the cervical vertebrae. Late conse¬ 
quences with positional vertigo or spontaneous nystagmus must also 
be allowed for. The connection between deforming velocity, head 
acceleration, and degree of severity of the whiplash injury is shown 
in the following table: 


Velocity 

<5 km/h 

8-30 km/h 

30-80 km/h 

>80 km/h 

Car damage 

slight 

slight-moderate 

moderate-severe 

severe 

Head acceleration 

<4 G 

4-15 G 

16-40 G 

>40 G 

Severity of whiplash 

nil 

slight-moderate 

severe 

fatal 


injury 


Different relative acceleration rates between head and body in 
car collisions can result in severe damage to the cervical vertebrae 
and cranio-vertebral joints, even at velocities of less than 10 km/h. 
The most frequent injury is in the C1/C2 region, followed by the 
second most frequent injury in the C4/C5 region. 

Benign positional paroxysmal vertigo (BPPV) is one of the most 
frequent forms of vertigo. Rotational vertigo attacks of very short 
duration are always caused by head movements. Otoliths or otolith 
parts are loosened from the mucopolysaccharid membrane via the 
macula organ in the saccule/utricle and repositioned in the posterior 
vertical semi-circular canal, rarely in the lateral horizontal semi¬ 
circular canal. They float free in the semi-circular canals, thus irritat¬ 
ing the cupula and causing benign positional paroxysmal vertigo. 19 

The otolith fragments are washed back again by means of delib¬ 
erate or unconscious counter-positioning maneuvers (freeing maneu¬ 
vers). This is why BPPV is now also known as "canalolithiasis." 
Canalolithiasis can be cured in 70% of cases by a single "freeing 
manoeuvre," and in nearly 30% of cases by the use of several "free¬ 
ing maneuvers." 20 Otoneurological evaluation is crucial in order for 
any decision about medical fitness to be made. 
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Kinetosis, also known as motion sickness, can happen to any 
person with an intact balance apparatus. 21 For trainee pilots, it is 
usually of significance in the training period, and over 50% of pilots 
ditched and rescued at sea become "seasick." 

It is, however, rare for pilots to give up their careers because of 
recurring kinetosis. This occurs much more frequently among cabin 
staff, and "air-sickness" in passengers is an important aspect of air travel. 

Common for all illusions associated with vertigo are a linear or 
angular acceleration. Particular intensive is the Coriolis cross-coupling 
illusion, which can occur in all kinds of flying, especially in aerobatics 
or in crash situations. Also turbulence can result in balance distur¬ 
bance, caused by a mismatch of optical, vestibular and proprioceptive 
information. The safe conduct of the flight may thus be endangered. 

For evaluation of a pilot's fitness, a small set of examination 
instruments is useful to rule out dysfunctions in the opto-vestibular- 
spinal system and to examine the balance function. 22 

A few brief ENT examination procedures should be part of all 
routine aeromedical examinations. If anything noticeable is found, 
an otorhinolarygological explanation is necessary. 

Every head movement triggers a contrary eye movement to stabi¬ 
lize the field of vision. A fast reflex return movement of the eyes then 
takes place. This vestibular-ocular reflex, determined by the position 
of the head and the position of the eyes, ensures a sharp optical 
image by adaptation of the velocity of the reflex eye movement to the 
head movement. Nystagmus is coordinated eye movements in cer¬ 
tain directions with rhythmic fast and slow phases. Vestibular nystag¬ 
mus is eye movements triggered by vestibular stimuli or diseases of 
the balance system or by head movements. Nystagmus is an impor¬ 
tant indication of vestibular dysfunction. 

It is only possible to evaluate nystagmus behind Frenzel glasses, 23 
which eliminate the examinee's ability to fixate (Fig. 1 7). The occur¬ 
rence of spontaneous nystagmus, provocation nystagmus, and posi¬ 
tional nystagmus should be examined. 

Spontaneous nystagmus is always pathological. Provocation nys¬ 
tagmus is tested by shaking the examinee's head with Frenzel glasses 
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on. The examiner takes the head of the seated subject in both hands 
and moves it 10 times quickly to and fro, horizontally at an angle of 
around 120°. In this way a latent nystagmus can be detected and a 
provocation/stimulus nystagmus accentuated. 

A positional nystagmus (reproducible rotational vertigo) is tested 
with Frenzel glasses using the positioning maneuver according to 
FHallpike. 24 It is a provocation test for positional nystagmus through 
change in position (benign positional paroxysmal vertigo) (Fig. 18). 



Figure 17a. Examination of spontaneous nystagmus allows detailed evaluation in 
the slow direction of the beat: Looking to the right, straight ahead, to the left, up, and 
down behind Frenzel's glasses. The magnification effect of the magnifying lenses 
largely prevents fixation, while the internal illumination makes the pupils contract 
and prevents optical input from the surroundings. 
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Figure 17b. Testing provocation nystagmus in seated person after several rapid left- 
right turning movements of the head. 


Static and dynamic balance should be assessed by testing the 
vestibule-spinal reaction. Following an extensive aeromedical 
examination, two balance tests are sufficient 25,26 : 

The "intensified" Romberg test: the examinee places the feet 
firmly, one in front of the other, crosses the arms loosely across the 
chest, stands for at least 15 seconds with the eyes closed; equili¬ 
bration is allowed. Walking blind: blindfolded or with eyes closed 
and with arms loosely crossed over the chest, the examinee walks 
straight ahead, placing the feet heel to toe. After ten steps, the devi¬ 
ation should not be more than a foot's width from the straight line 
that has been drawn or imagined. Larger deviations must be clari¬ 
fied by further examination. 

As mentioned before, all dysfunctions of the balance system, 
which occur spontaneously or are found by provocation, should be 
further examined and treated by an otoneurologist. 

The prognosis is always individual and depends upon the cause, 
treatment and subsequent re-training of the balance function. This is 
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Figure 18. Hallpike's positional maneuver: test of nystagmus while examinee is sit¬ 
ting, then lying-down, and then sitting up again. Clockwise nystagmus shows affec¬ 
tion of the left labyrinth, while anti-clockwise nystagmus shows affection of the right 
labyrinth. A rotating nystagmus can occur after sitting upright. The duration of the 
nystagmus is usually less than 30 seconds. 


so in many cases following ear operations with short-term vestibular 
irritation, after acute unilateral vestibular dysfunction, and following 
a benign positional paroxysmal vertigo or after a slight whiplash 
injury. 

SINUSES/BAROFUNCTION 

The air-filled sinuses (frontal sinus, ethmoidal cells, maxillary 
sinuses, and sphenoidal sinus) have a 1 to 2% share in barotrau- 
matic dysfunctions. If the nasal mucosa and the mucosal lining of 
the sinuses are in normal condition, there is open access between 
the nose and the sinuses and no difference in pressure will occur 
during climb and descent. Air exchange takes place by breathing 
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through the nose with a slight difference in pressure of+/- 10-1 7 Pa; 
if breathing through the nose is heavier, if the nose is blown, or if 
a Valsalva manoeuvre is carried out, a value of 1.3 kPa can be 
reached. 

If the mucosa in the nose, the ostia or the sinuses are swollen, or 
if there is blockage due to secretion or polyps, the air in the affected 
sinus is largely resorbed or evacuated through the nose during ascent 
due to the relative over-pressure compared to the cabin pressure. 
During descent, severe pain can occur in the affected sinus in the 
upper jaw, retrobular, or in the temple, often combined with stream¬ 
ing eyes and, more rarely, epistaxis. It is not possible to equalize the 
pressure, apart from attempting to relieve it with decongestant nose 
drops or by direct puncture of the temple or maxillary sinus. Because 
of the often very severe pain experienced, with all consequences, 
including collapse, aerosinusitis is a serious risk to the pilot's capac¬ 
ity to act, and its cause must be clarified. Certain diseases are incom¬ 
patible with medical certification if they cause or merely facilitate the 
occurrence of aerosinusitis (Fig. 19). 

The AME should focus on any pressure problems in the ears 
and sinuses revealed by anamnesis. If breathing through the nose 
is obstructed (ascertained by attempting to blow through the left 
and right nostrils), if the patient has a cold with heavy swelling of 
the mucosa, or if there is chronic infection of the nasopharynx or 
allergic rhinitis of permanent or seasonal type, or if there are 
polyps in the nose or hyperplasia of the nasal conchae, these 
conditions should be clarified and treated by an otorhinolaryngol- 
ogist or allergologist. 27 Aeration of the nasal cavities can be 
inspected by looking into the right and left main sinuses with a lit 
nasal speculum. 

Aerosinusitis, Disorders in the Barofunction 

Once aerosinusitis has occurred, the aim of any treatment must be to 
restore the aeration of the affected sinuses. Acute aerosinusitis 
is treated with decongestant nose drops, painkillers, and application 
of moist heat to the face. Allergic diseases are usually seasonal and 
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Figure 19. A. Pressure equalization between a sinus and the surrounding air 
(nose) during ascent. B. Diagram of barofunction disorder of the sinus caused by 
infectious swelling of mucous membranes. C. Cycle of formation of aero-sinusitus 
or aerootitis. 


may restrict fitness for flying; to avoid unfitness for flying, the results 
of treatment by hyposensitization as a special immunity therapy over 
two to three years must be confirmed by an allergologist or other 
doctor working with allergies. 

Where seasonal therapy with non-calming second generation 
antihistamines (e.g. loratadin) is used, the effect must be tested and 
proven in each single case while the pilot is on the ground. 27 
Chronic obstruction to breathing through the nose and inflammations 
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of the mucosa in the sinuses (purulent sinusitis or proliferative 
changes in the mucosa or naso-sinusoidal polyps) are the most 
common causes of aerosinusitis, mostly due to acute exacerbation. 
The aim must therefore be to achieve free breathing through the 
nose. The therapy comprises a septum operation if there is septum 
deviation, and cauterization of the nasal conchae if there is hyper¬ 
plasia, when necessary combined with fenestration of the maxillary 
sinus. 

Following surgery, unfitness for flying is likely to last for at least 
six weeks, depending on the healing process and how well free 
breathing through the nose has been restored as shown by rhino- 
manometry. Chronic polypous infections of the sinuses and tumors 
ought to be discovered at an early stage if the AME is careful when 
conducting aeromedical examinations. For chronic sinusitis, often 
polypous, a long healing phase with intensive aftercare is necessary. 
Medical certification is usually possible, even after endonasal sinus 
surgery, but requires a thorough otorhinolaryngological evaluation. 
Tumors require individual assessment by the medical assessor of the 
licensing authority. 

SMELL AND TASTE 

When we sniff, eddies of air with water-soluble olfactory substances 
in a gaseous or dusty form are inhaled through the nostrils. When 
we swallow or exhale via the nasopharynx, these substances reach 
the regio olfactoria. We smell in fact much of what we believe we are 
tasting. Only the five qualities, sweet, sour, salty, bitter, and umami 
(fresh flavor) are detected with the sense of taste. If the concentration 
of olfactory substances remains constant, the sense of smell adapts, 
and our sensitivity to smell diminishes quickly. 

The olfactory epithelium is a multi-layered vacillating epithelium 
which contains Bowman's glands. The olfactory pathway begins with 
the olfactory cells in the regio olfactoria. Its neurites are gathered 
together into about 20 fila olfactoria and run through the lamina 
cribrosa of the base of the skull and form the primary olfactory center 
in the bulbus olfactorius. From there, the nerves run via the tractus 
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olfactorius to the secondary and tertiary olfactory centers. 
Connections from the olfactory pathway to the vegetative and 
extrapyramidal system trigger reflexes such as the secretion of saliva 
and stomach juices in the case of appetite-stimulating smells, or nau¬ 
sea, vomiting and refusal movements in the case of foul smells. The 
organ is very sensitive and can sense more than 10 000 different 
qualities of smell and distinguish more than 200. It is also involved 
in the subjective sense of taste ('gustatory smell'); this olfactory 
perception is unconsciously processed together with the gustatory 
sensation to form an overall impression of taste. 

Olfactory Dysfunctions 

When examining the sense of smell, a distinction must be drawn 
between a subjective smell test and an objective olfactometry. 
The threshold for smell stimuli can be determined subjectively 
and semi-quantitatively by means of various olfactory stimulants 
(aromatic substances, coffee, lavender, terpentine, vanilla, cinna¬ 
mon, and benzaldehyde) in increasing concentrations. This enables 
a distinction between a perception threshold and a recognition 
threshold; in additional testing with a trigeminal stimulant (acetic 
acid) and a hypoglossus stimulant (pyridine), distinctions can also 
be drawn for aggravations and simulations. However, more pre¬ 
cise information is provided by objective olfactometry, in which 
olfactorily evoked potentials are measured. The laborious proce¬ 
dure permits a distinction between olfactory and trigeminal dys¬ 
functions and a topodiagnosis of central dysfunction of the sense 
of smell. 

Dysfunctions of the sense of smell are divided into quantitative 
dysfunctions (hyposmia or anosmia) and qualitative dysfunctions 
(parosmia or cacosmia). They can occur peripherally through the 
blocking of the olfactory cleft when the mucosa is swollen or by 
polyps or tumors (respiratory anosmia), or be caused by injury to the 
specific sensory epithelium from viral or neurotoxic factors or the 
effects of biting smoke, solvents, and medications (essential anos¬ 
mia). Dysfunctions of varying severity of the sense of smell can be 
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expected from neurosurgical operations to the base of the nose or 
following accidents with traumatic tearing of the fila olfactoria in 
fractures of the base of the skull (post-traumatic anosmia) and 
injuries to the bulbus olfactorius and the olfactory pathway in space- 
occupying intracranial processes. Anosmia is incompatible with 
fitness for flying because of inability to detect smoke or leaking 
solvents in flight. 

Dysfunctions of the Sense of Taste 

Taste or taste components can be tested with sugar, citric acid, 
common salt, and quinine solutions in various concentrations. 
Sweetness is primarily perceived at the tip of the tongue, sourness at 
the edge of the tongue, and saltiness and bitterness at the base of the 
tongue. Taste perceptions can also be triggered by electrical stimuli 
(electrogustometry). 

A dysfunction of the sense of taste (dysgeusia, ageusia) can be 
triggered by peripheral or central lesions. Damage to the taste buds 
can be caused by smoking, heavy alcohol use, acid or alkali burns, 
stomatitis, or atrophy of the mucosa. It occurs with dryness of the 
mouth (xerostomy) as a consequence of radiogenic mucositis after 
treatment of a tumor with radiation. Scarring in the posterior part of 
the oropharynx after tumor operations or enucleation of the tonsils 
can result in dysfunctions of the sense of taste in the posterior third 
of the tongue. Injury to the chorda tympani after middle ear opera¬ 
tions also causes a unilateral peripheral dysgeusia. 

STOMATOGNATHIC SYSTEM, BAROFUNCTION 
DISORDER/AERODONTALGIA 

In some medical standards, 2-4 it is emphasized that dysfunctions or 
pathological conditions of the buccal cavity, teeth, and larynx are 
incompatible with medical certification. 

The AME should, when examining the buccal cavity, pay atten¬ 
tion to the condition of the teeth, the parodontium (tooth retention 
apparatus), and the prosthetic situation; even retinated teeth present 
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a risk. Aerodontalgia is a barofunction disorder with the same fre¬ 
quency as aerosinutisitis of around 2%. We found in a long-term 
aeromedical study over 20 years a frequency of 7%. 

Aerodontalgia is characterized by its sudden appearance and 
intense pain. In a pilot, aerodontalgia is likely to lead to a consider¬ 
able reduction of performance. 

Only healthy teeth, or teeth that have been repaired lege artis, 
can be assumed not to present any risk. In vital teeth aerodontalgia 
may be caused by caries, acutely and chronically inflammatory 
processes of the pulp, and loss of hard substance after crown prepa¬ 
rations. In teeth with dead pulp causes are trapped gas in the case 
of gangrene or incomplete root fillings. During ascent, trapped gas 
expands via the root canal into the apical tissue and causes pain; 
the symptoms usually diminish during descent. Dental repair must 
in all cases be carried out following episodes of aerodontalgia. 
Depending on the extent of the surgery, the pilot should refrain 
from flying for two to ten days following extractions and oral 
surgery. Regular dental examinations and prompt repair with 
required prophylactic programmes ensure aesthetic appearance, 
normal chewing and speaking function, and retention of own teeth 
into old age. 28,29 

Provision of a firmly fitting dental prosthesis should be aimed for 
after tooth loss. Missing natural teeth may, depending on anatomical 
conditions, be replaced by artificial tooth roots (implants) to avoid 
removable dentures (Fig. 20). 

LARYNX AND SPEECH 

The skeleton of the larynx consists of the thyroid cartilage, the signet¬ 
ring-shaped cricoid cartilage (Adam's apple), the two pyramid¬ 
shaped arytenoid cartilages, the epiglottis, and a few unimportant 
smaller cartilages. The inferior horn of the thyroid cartilage articulates 
on each side with the cricoid cartilage. The cricoid cartilage also has 
other important articulations with the arytenoid cartilage. The base of 
the arytenoid cartilage rests on the upper edge of the cricoid cartilage 
and runs laterally into a processus muscularis for the posterior and 
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Figure 20. Titanium tooth implant modeled on natural tooth root (Dentaurum- 
Implants™). 

lateral cricoarytaenoid muscles. In a ventral direction, they form a 
processus vocal is for the beginning of the vocal cord. The epiglottis 
is leaf-shaped and consists of elastic cartilage. It has a stem inclining 
in a caudal direction and is here fixed with ligamentum thyre- 
oepiglotticum to the posterior side of the thyroid cartilage. With its 
free, moveable part, the epiglottis can close the larynx during the act 
of swallowing. 

The most important functions of the larynx are respiration 
and phonation. The larynx also helps prevent aspiration by facili¬ 
tating complete closure of the trachea during swallowing. 
Stabilization of the thorax, vital for the application of abdominal 
muscular pressure, is furthermore facilitated by closure of 
the glottis. 

Nerve supply in the larynx takes place via n. laryngeus superior 
from the vagus nerve with sensitive fibers supplying the mucosa 
and the front part of the vocal cord. M. cricothyreoideus (internus) 
is motorically innervated via the ramus externus. N. laryngeus infe¬ 
rior (recurrens), which likewise originates from the vagus nerve sup¬ 
plies all other laryngeal muscles and the mucosa below the glottis. 
It winds to the right around arteria subclavia and to the left around 
the aorta. 
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Examination of the larynx is by inspection and palpitation from 
outside (tumors, perichondritis); internal inspection is by laryn¬ 
goscopy. For indirect laryngoscopy, a light source and a laryngeal 
mirror or a magnifying wide-angle lens (magnifying endoscope) is 
needed. The larynx and the upper trachea may also be inspected 
through thin, flexible endoscopes inserted through the mouth or the 
nose. Rigid tubes or illuminated hollow tubes are used for direct 
laryngoscopy, as a rule with the help of the operation microscope 
and with the patient under general anaesthesia. With six to 40 times 
magnification, not only precise diagnosis but also microsurgery 
is possible. The use of a C0 2 laser further makes it possible, in case 
of malignant laryngeal diseases, to preserve organs and functions 
while ensuring the complete removal of the tumor. Image-forming 
procedures (X-ray tomography, laryngography, core spin tomo¬ 
graphy, and echolaryngography) are also used for examination of 
the larynx. 

Diseases of the Larynx 

Diseases of the larynx, in particular hoarseness, coughing, breathing 
difficulties, soreness and swallowing disorders (dysphagia/globus) are 
frequently occurring. Hoarseness is the most common early symptom 
of diseases of the larynx and is caused by a dysfunction in the move¬ 
ment of the vocal cords. This can be caused by inflammation, defor¬ 
mation, vocal cord paralysis or injuries, or it can be the consequence 
of surgery, tumors, and voice dysfunctions. 

Any hoarseness of more than three weeks duration must without 
fail be referred to an ENT specialist. 

Hoarseness should be differentiated from the feeling of having a 
lump in the throat when speaking, which is usually caused by infec¬ 
tions and tumors of the throat and the hypopharynx. Dry laryngeal 
coughing (the constant need to clear the throat) is a reaction of the 
sensitive mucosa to various irritations. Breathing difficulty is caused 
by a stenotic formation process and results, if the upper respiratory 
passages are blocked, in a typical inspiratory stridor. It occurs in the 
presence of inflammations, injuries, foreign bodies, synechia, and 
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benign or malignant tumors. Pain from the ear on the affected side 
may be misinterpreted as an ear infection. In the case of tumors and 
acute infections of the larynx, dysphagia may occur, while globus 
(the lump-in-the-throat feeling) frequently accompanies various 
functional and organic disorders. 

Voice and Speech 

Speech dysfunctions may have a central nervous cause or arise as a 
result of faulty articulation, while voice dysfunctions are caused by 
faulty phonation. In addition to anamnesis and inspection of the 
larynx, examinations of timbre, vocal range, note-holding duration 
as well as voice strain tests, vocal field measurements, and stro¬ 
boscopy are required to evaluate a voice disorder. 

Speech is based on articulation and phonation. Many speech 
disorders are caused by the wrong use of the respiratory muscula¬ 
ture when speaking and the wrong breathing technique that results 
from this. Articulation is the presice movements of the organs that 
form speech. The various speech sounds are formed by changes in 
the supraglottic air passages (resonance cavity), which include the 
supraglottic cavity, the throat, the buccal cavity, and the main 
nasal cavities and sinuses. The form of this resonance cavity can 
be changed by movements of the lips, tongue, jaw, and the soft 
palate. A person who is unable to hear cannot develop speech 
(deaf-muteness). 

Intact speech tools are absolutely vital for the pilot in order to 
communicate by speech. Good vocal abilities are required in the 
cockpit, as drying-out of the mucosas due to the low air humidity in 
flight is a great strain and also carries a high risk of infection. Unless 
an intercom system is used, noise in the aircraft also forces the pilot 
to speak very loud to be understood. 12 For untrained speakers, 
uneconomical use of the voice can result in frequent problems, even 
temporary loss of voice (aphonia) (Fig. 21). 

A disorder of the speech function can be caused on all levels of 
the resonance cavity and must always be examined phoniatrically 
by an ENT specialist in order to evaluate fitness for flying. This is 
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Figure 21. Diagram of the effect of surrounding noise on intelligibility of speech, 
allowing for speech volume and distance from speaker to hearer. 



also necessary following surgery in the otorhinolaryngological area 
if impairment of vocal and/or speech functions have occurred. The 
loss of parts of the larynx or the whole larynx usually entails unfit¬ 
ness for medical certification. Speech dysfunctions following cen¬ 
tral nervous diseases (aphasia) require additional evaluation by a 
neurologist. 
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Chapter 19 


Neurology for the Aeromedical Examiner 


Jurgen Kriebel* ,+ and Frank Weber* 


INTRODUCTION 

Area of Responsibility/Relationship between Structure 
and Function 

Neurology deals with prevention, diagnosis, therapy, rehabilitation, 
and specialist evaluations of diseases of the central (brain and spinal 
cord), of the peripheral, and of the autonomic nervous system, and 
with myopathies. Basic functions of the CNS are perception and pro¬ 
cessing of information from the interior and exterior world. The 
information from different perceptive modalities is analyzed, vali¬ 
dated, and compared with experience, i.e. with items learned before 
(memory). Against the background of their individual, situational, 
and general sense, they receive affective tinting, and, if necessary, are 
put into appropriate action. This sequence of perception, multisen- 
sory convergence, and purposeful action is of particular importance 
in the man-machine-interface of the cockpit. Thinking, feeling, will¬ 
ing, action, and consciousness are brain functions. This might seem 
trivial, although according to our experience in aviation medicine, 
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Figure 1 . Homunculus and aeromedical homunculus. The motor (upper left) and 
sensor (upper right) homunculus are somatotopically organized. The more complex 
the function, the greater the cerebral representation. Similarly the aeromedical 
homunculus symbolically represents the aeromedical significance of various medical 
specialities CS: Central Sulcus between motor and sensory strips. For the liver gap 
see Chapter 20 on "Psychiatry for the Aeromedical Examiner." 

there is a strong need for promotion of neuroscience among 
aeromedical examiners. 

Aeromedical Homunculus 

Figure 1 presents the basic neurological informaton in aviation 
medicine. Large parts of the CNS are somatotopically organized. 
Afferent and efferent projections, the nuclei, the basal ganglia, and 
the different cerebral and cerebellar cortical regions are arranged in 
a topical and functional way. 



Neurology for the Aeromedical Examiner 


497 


The areas in medicine that are particularly important in aviation 
medicine are presented symbolically (SC: sulcus centralis). The soma- 
totopical organization of the cortical sensorimotor homunculus is well 
known. In front of the central sulcus, Fig. 1 shows in the upper left cor¬ 
ner the motor homunculus and in the upper right corner the sensory 
homunculus. The more complex the motor or sensory function, e.g., 
for speaking or for fine-tuned three-dimensional coordination tasks, the 
larger the cortical representation area and the greater the number of 
efferent and afferent projections. In analogy to the sensorimotor 
homunculus, the impact of the different organ systems for aviation 
medicine is encoded by their size. Cardiology is so dominant that the 
heart has to be drawn outside the body. The "liver gap" is reviewed in 
the psychiatric chapter. Eye and ear symbolize the significance of oph¬ 
thalmology and otorhinolaryngology. The cranium is invisible. In a 
symbolic and cartooning way, this represents the previous neglect of 
neurology and psychiatry in aviation medicine. 

Cordially or Cerebrally 

On this occasion we would like to eliminate a misunderstanding 
which is deeply rooted and detrimental to neuroscience. The poet and 
pilot Antoine de Saint Exupery once wrote: "Only the heart can see 
well — the essentials are invisible for the eyes." Why do we welcome 
each other cordially? We describe others as kind-hearted, warm¬ 
hearted, heartless, etc. Thus, we describe character traits and ascribe 
them to the heart. Colloquially, we assign emotions to the heart and 
intellect to the brain. But the muscle of the heart is incapable of such 
complex tasks. Fear, shock, and pleasure lead to significant changes of 
the cardiac rhythm, which we realize. EHuman behavior, the individual 
meaning of an event, and the affective coloring of it are brain func¬ 
tions. The confusion between cause and effect has a long tradition in 
literature, religion, journalism, and everyday life. EHaving clarified that 
point — which is important for psychiatry, too — we stay in the car- 
diocentric tradition and continue to welcome each other cordially and 
not cerebrally. We do not touch the heart-breaking in romanticism and 
do not rename the church of Sacre Coeur to Sacre Cerveau (i.e., holy 
brain). Saint Exupery would turn in his grave if we did that. One further 
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remark to the functional cerebral organization of teleception is that it 
is true we see through the eyes and hear with the ears, but this sensory 
performance is limited to the mediating of the visual and acoustic 
stimuli. Vision and hearing in the sense of an understanding and judg¬ 
ing perception is made possible only by the brain. Free from these mis¬ 
understandings, we can now focus on practically relevant neurological 
topics. We will deal only with frequent diseases and refer to the text¬ 
books for a comprehensive review. 1 

NEUROLOGICAL TOPICS IN AVIATION MEDICINE 
Database 

The diagnostic entities reviewed in this chapter are taken from our 
database. Up to 2007, we gave specialist evaluations (or so-called 
'expert opinions') on 626 neurological cases. Approximately 70% 
were professional cockpit crews, about 25% military pilots, about 
1% air traffic controllers (ATCs), and the last 4% cabin attendants. 

VERTEBRAL COLUMN 
Degenerative Joint Disease 

Degenerative joint disease of the spine was the third largest group we 
had to investigate. They occur as a result of changes in the interverte¬ 
bral disks (spondylosis) with aging. Spondylosis leads to osteophyte 
formation, meningeal fibrosis, and disk herniation. Spondylosis in the 
cervical spine can cause progressive myelopathy, radiculopathy, or 
both. Thoracic lesions become evident mainly as paraparesis. Lumbar 
lesions cause radiculopathies, neurogenic claudication, or acute back 
syndromes. One has to keep in mind that neuro-imaging shows 
degenerative changes, especially in the cervical and lumbar spine, 
even at the age of 30. These changes might reach an alarming size, but 
clinical symptoms and signs remain critical for clinical and aeromed- 
ical decision-making. In about 1%, considerable disk herniations are 
found incidentally and asymptomatically without significant clinical 
symptoms. It is not neuro-imaging that needs to be treated, but the 
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patient. Indication for surgery in disk herniations is crucial. Usually 
the treatment of disc disease is conservative with initial bed rest (later 
physiotherapeutic training) and non-steroidal anti-inflammatory 
agents. The majority of patients improve with time regardless of the 
type of intervention. Surgical decompression is indicated only when 
symptoms are unresponsive to conservative therapy, if there is pro¬ 
gressive weakness, or when central herniation results in myelopathy 
or cauda equina syndrome. Radiculopathy is usually manifested by 
radiating pain, weakness, loss of deep tendon reflexes, and sensory 
changes in a segmental distribution. Neck or lower back pain and 
stiffness are common in cervical and lumbar radiculopathies, respec¬ 
tively. Symptoms may be aggravated by sneezing, coughing, straining 
with defecation, or neck or trunk movement. Bed rest usually offers 
relief. On examination, Lasegue's sign (the straight leg raising sign) 
may be present in cases of lumbar radiculopathy. Crossed straight leg 
raising usually indicates a larger lesion. An isolated root lesion may 
result in a smaller area of sensory disturbance than expected by stan¬ 
dard dermatomal maps due to cutaneous nerve overlap. Hyporeflexia 
is restricted to the involved root level. Weakness may occur in the 
appropriate myotomal distribution and may indicate a larger lesion 
with greater anterior root involvement. Central lumbar lesions may 
result in a cauda equina syndrome. Although herniated intervertebral 
disc material is the most common cause of radiculopathy, other mass 
lesions and structural abnormalities should be excluded. These may 
include tumors, epidural abscesses and spondylosis. Nowadays, this 
exclusion is usually made by MRI. The other diagnostic studies 
include nerve conduction studies and EMG. The latter serve to 
exclude brachial or plexus neuropathy and peripheral neuropathy. 
Furthermore, EMG may identify evidence of denervation in a root dis¬ 
tribution before clinical weakness develops. Neurogenic claudication 
is usually due to spondylotic narrowing of a lumbar spinal canal. Like 
vascular claudication, it causes exertional pain, but differs from vas¬ 
cular claudication: the pain may be felt in the buttock or thigh with 
prolonged standing or walking, the pulses are normal, reflexes may 
decrease while at peak pain, and the pain is relieved with waist flex¬ 
ion or rest but usually takes several minutes or more to resolve. 
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Herniated Discs 

In our airmen, herniated discs (N = 65) and degenerative or trau¬ 
matic lesions, the latter due to helicopter crashes or ejection seat 
escapes, were distributed in 75% in the lumbar spinal column, in 
20% in the cervical region, and in 5% in the thoracic region. 
Aeromedical disposition is easy. Return to cockpit after full recov¬ 
ery is the rule. This applies even to military pilots of fast jets with 
ejection seats after cervical spinal surgery if the surgical procedure 
applied does not lead to osseous instability. 2 A problem is the 
subgroup of pilots who do not become pain free even after full 
resolution of all neurological symptoms. In these cases, a conse¬ 
quent long-term rehabilitation is necessary, which sometimes 
collides with the needs of the employer, creating a compliance 
problem for the pilot. If long-term rehabilitation is unsucessful, 
one should look for non-neuro-orthopedic problems, i.e., psycho¬ 
somatic disorders, loss of motivation to fly, or fear of flying. Many 
insurance companies do not cover occupational disabilities based 
on psychiatric or affective disorders. This may lead to a situation 
where the pilot accepts untreated low back pain as an "acceptable 
alternative." 

EPILEPSY AND NON-EPILEPTIC PAROXYSMAL 
SYNDROMES 

Diagnostic Group 

The epilepies are a group of conditions marked by recurrent 
seizures that are the clinical manifestation of abnormal electrical 
discharges in the brain. Here, the diagnostic group "cerebral 
seizures/EEG-abnormalities" is the most frequent in our areomed- 
ical specialist evaluations, and primarily includes non-epileptic 
paroxysmal syndromes. There were confirmed idiopathic epilepsies 
in 1 8 cases, and in the same number of cases the suspected seizure 
or syncope could not be confirmed. In 17 cases, a non-epileptic 
cause was probable, and these cases were referred to the internist 
(cardiologist). Interictal epileptiform activity (spikes, sharp waves, 
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spike-wave complexes) was found in 18 cases. Interictal epilepti¬ 
form activity is strongly but not absolutely correlated with epilepsy. 
Thus, its presence does not unequivocally indicate a diagnosis of 
epilepsy nor does its absence exclude it. Evidence of interictal 
epileptiform activity in an otherwise healthy pilot is a bar to med¬ 
ical certification. In about 2000 healthy male applicants for military 
aviation, the prevalence of interictal epileptiform activity was 
1.48% (95% confidence interval 0.92% to 2.35%). 3 Symptomatic 
seizures and single non-provoked seizures are not included in this 
diagnostic group. They are assigned to the causal diagnoses and 
will be reviewed there. For didactic reasons they are mentioned 
here, in the case reports, to sensitize the aeromedical examiner to 
become attentive in suspicious cases and to look for symptomatic 
seizures. 

Free Interval 

Both cerebral fits and faints can last for seconds or minutes, or 
even longer. There are free intervals lasting days, weeks, months or 
years, so the person's competitiveness or ability to endure stress is 
usually not affected. Consequently, it is a common fallacy by 
affected persons, jurists, and even some physicians that free inter¬ 
vals must entail medical fitness for flying, especially in the case of 
long free intervals as one finds them in oligo-epilepsia and in 
patients who comply well with antiepileptic treatment. The 
aeromedical examiner rarely witnesses epileptic paroxysms. 
He sees the pilot in the free interval and relies crucially on history. 
As in other neurological disorders with a time-limited course, 
a careful history taking, including interview with family members 
and colleagues, is here usually far more informative than the physi¬ 
cal examination. 

Case 1: At the airfield, a private pilot had a convulsive, generalized 
seizure with unresponsiveness for several minutes. The aeromedical 
examiner was informed by a third person and learned of some addi¬ 
tional seizures in the past. The pilot was confronted with his uninfor¬ 
mative history and answered that he had not been asked about 
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seizures during the periodic medical examinations and had misun¬ 
derstood the questions on the examination sheet. 

Doctor-hopping and fragmentary statements are a problem with 
relevance to flight safety not only in this diagnostic group. Epilepsy is 
a frequent disorder of the central nervous system with a prevalence 
of 0.5% (0.2% to 0.8%) in the general population. A single provoked 
seizure is thought to have a lifetime prevalence of 5%. Every brain is 
able to respond with a seizure to appropriate stimulation. Fever, 
sleep deprivation, hyperventilation, photic stimulation, certain drugs, 
and alcohol can provoke seizures or contribute to them. The diagno¬ 
sis of epilepsy is usually made after two spontaneous seizures. There 
are certain exceptions to this rule, e.g., patients referred for evaluation 
of a first seizure often report previous episodes that are highly likely 
to be earlier, undiagnosed seizures. These can include events that are 
similar to the one that has led to the current consultation (e.g., a 
patient consulting for a generalized tonic clonic seizure reports a his¬ 
tory of awakening with a bitten tongue, fatigue, and myalgia) or other 
types of seizures (e.g., absences or myoclonic seizures in a patient 
with a first generalized tonic clonic seizure). The diagnosis of 
epilepsy does not apply in the case of only one seizure, especially if 
the seizure is provoked by certain conditions such as alcohol or drug 
over-consumption or when related to severe sleep deprivation (pro¬ 
voked seizures). 

In aviation medicine, not only epileptic syndromes during ado¬ 
lescence and adulthood, but also epileptic fits in childhood, espe¬ 
cially after age 5, may be relevant. Complicated or prolonged febrile 
seizures may lead to a chronic epilepsy syndrome after puberty. 

Symptomatic Seizures and Standards in EEG 

Epileptic fits are often part of a symptomatic syndrome, i.e., they are 
caused by a neoplasm, especially low-grade gliomas, cortical dys¬ 
plasia, and vascular malformations, or are of ischemic, inflammatory, 
toxic, or post-traumatic origin. In some intracranial tumors or vascu¬ 
lar malformations, focal or generalized seizures are the presenting 
symptom. Therefore, in seizures of unknown origin, as well as in 
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seizures with a well-founded suspicion of cause, there should be a 
throrough diagnostic work-up including MRI (magnetic resonance 
imaging) with contrast enhancement and MRA (magnetic resonance 
angiography). In certain cases we reviewed, the neuro-imaging was 
insufficient. Similar critical remarks must be made about the quality 
of some EEG-recordings. JAR requires clear quality standards (20 elec¬ 
trodes placed according to the 10/20-system, information regarding 
the duration of the recording, the placing of the electrodes and the 
calibration). The aeromedical examiner is obliged to do the EEC- 
recordings in institutions that fulfill these requirements. In some 
countries, an EEC is required at the initial medical examination for 
commercial pilots; in other countries, however, EEC is considered 
necessary only on clinical indication. 

Case 2: A high school graduate with a glider pilot's licence 
applied for certification as a professional pilot. The EEC at the ini¬ 
tial medical examination showed interictal epileptic activity. Since 
there was no family history of epilepsy, the parents and the general 
physician did not accept this EEC-reading. ("There is no such thing 
as epilepsy in our family.") The interictal epileptic activity could be 
reproduced in subsequent EECs, but further diagnostic work-up 
was rejected. Two years later, a series of generalized, convulsive 
seizures developed without aura. Adequate work-up at this time 
showed no causation, and successful antiepileptic treatment was 
established. Only now could the medical rejection be accepted 
subjectively. 

This case report contains some important aspects. In the 
author's opinion, initial aeromedical examinations should include 
an EEG. This recommendation is not shared by ICAO, FAA, and 
JAR-FCL 3, primarily because there is wide interreader variation in 
sensitivity and specificity of EEC interpretations and this variation 
influences the ability of EEG to discriminate between those who 
will and those who will not have seizures in the future. In practice, 
interpreting the degree to which a positive EEC result predicts 
increased seizure risk in an individual patient is difficult. EHowever, 
interpreting EEC with higher specificity yields more accurate pre¬ 
dictions. Given a prevalence of epilepsy in the general population 
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of 0.5%, a sensitivity of the EEC of 0.52, and a specifity of the 
EEC of 0.97, the conditional probability of an otherwise healthy 
applicant with interictal epileptic activity in his EEG-recording to 
develop epilepsy in the future is 8%. 3,4 The conditional probabil¬ 
ity of a person with a negative EEG to develop epilepsy in the 
future is 0.25%. Thus, a negative EEG halves the predictive risk. 
Since there are no better predictors for risk stratification, the occa¬ 
sional unfairness to the individual applicant should be accepted 
as preferable to endangering aviation safety by epileptic fits. 
In pilots, the diagnosis of epilepsy is felt as shameful and degrad¬ 
ing. Thus, the aeromedical examiner must not take for granted 
that the pilot will be responsible and inform him of previous 
fits. Some pilots offer an insignificant history in spite of seizures 
because they fear to lose their licence, especially if the seiz¬ 
ures are alcohol or drug related. The next case report shows an 
example. 

Case 3: While flying as pilot-in-command, a professional pilot 
experienced a generalized tonic-clonic convulsive seizure with ini¬ 
tial cry, unresponsiveness for 15 minutes and postictal drowsiness 
and amnesia for one hour. In the tonic phase, the rudders were 
blocked and the stick was fixed in a downward position. In a huge 
effort, the co-pilot succeeded to just barely scrape past a high-tension 
line and land in a nearby airfield. It was an epileptic fit due to alco¬ 
hol withdrawal. For years the pilot had been alcohol addicted. The 
meaning of the chronically elevated y-GT had been minimized by his 
aeromedical examiner. EHe had forced his wife to silence about ear¬ 
lier fits by severe threats. 

We can learn from this case not to ignore elevated liver enzymes. 
Significant information from history might be unavailable. In fits with 
amnesia, the affected persons themselves often cannot give reliable 
information. 

Diagnosis 

Important diagnostic hints are tongue bites or wounds from bites in 
the cheeks, micturition during the fit, postictal aching muscles, and 
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elevated CK or prolactin. Wounds due to falling are usually at the 
back of the head ("faints fall forward, fits fall backward"). EEG- 
recordings can be unproductive. Provocation during the EEG (hyper¬ 
ventilation, photic stimulation) may be helpful and is standard in 
aviation medicine. Most importantly, after one abnormal EEG, nor¬ 
mal recordings lose their meaning. Another well-founded provoca¬ 
tion is the sleep-deprived EEG. We were the first to show the value 
of sleep-deprived EEGs in the diagnosis of epilepsy. 5 It is particularly 
important in these EEGs to look for the phases of drowsiness, falling 
asleep and wake-up, which are diagnostically productive. 
Sometimes this extended EEG work-up provides indication for 
simultaneous EEG and video-recording, which can yield additional 
diagnostic information. 

Classification of Epileptic Seizures 

Epilepsies provide a wide variety of clinical phenotypes. Epileptic 
seizures are classified as focal (partial, local), beginning in a part of 
one hemisphere, generalized, beginning bilaterally, or unclassified as 
to focal or generalized. Focal seizures that subsequently evolve to 
generalized seizures are said to exhibit secondary generalization. 

Even simple partial seizures without compromise of conscious¬ 
ness rule out medical certification for flying. The international 
guidelines leave no room for personal judgement if epilepsy is con¬ 
firmed. If the aeromedical examiner is aware of petits maux in child¬ 
hood, he should seek neurological advice. Most of these cases stop 
in puberty, but some can persist into adulthood. In our experience, 
most of the epilepsy cases in pilots are primarily or secondarily gen¬ 
eralized seizures. Sometimes they may lead to traffic accidents. So- 
called "simple febrile seizures" that occur after the age of five need 
a thorough work-up. Seizures with a special connection to the time 
of day (on awakening or when falling asleep) are not compatible 
with flying. It is a sign of progression when formerly focal seizures 
change to generalized ones, or when formerly focal seizures become 
complex-partial ones. The latter might be a sign of mesial temporal 
sclerosis. It belongs to the tasks of the aeromedical examiner to 
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initiate a thorough work-up if there is any doubt whether a pilot 
could suffer from epileptic seizures. 

Case 4: A young man, achievement-orientated and successful in 
his profession, paid for the ATPL out of his own pocket. After a phase 
of strong workload and sleep deprivation he suffered from a distur¬ 
bance of consciousness for several seconds after drinking a small 
amount of alcohol. While sitting on a bar stool, he sank slowly to 
the ground, with prompt re-orientation. Some weeks later, his 
spouse reported some spasms during sleep that occurred at least 
once. Anxious and responsible, the pilot contacted his aeromedical 
examiner who consulted a neurologist. History revealed an 
unequivocal description of a tonic-clonic convulsive generalized 
seizure with bluish discoloration and foaming at the mouth during 
sleep. Physical examination, EEG, and neuro-imaging were not 
informative. Medical certification was rejected in spite of the fact 
that the first event could not with certainty be classified as an epilep¬ 
tic seizure. International guidelines justify this for the individual 
pilot severe decision. 

Aeromedical Disposition 

Patients who experience a single unprovoked seizure have a signifi¬ 
cant chance of recurrence over the next five years, varying from 23% 
to 71% depending on the study. 6 Those with an underlying cerebral 
lesion and an abnormal electroencephalogram or who have a high- 
risk epilepsy syndrome, such as juvenile myoclonic epilepsy, have 
the greatest likelihood of recurrence and probably should be treated 
after their first seizure. The risk of recurrence after two seizures is 
higher than 80%. 7 If the EEG is normal on several occasions, the risk 
of recurrence declines to 12% within two years. 8 These numbers are 
definitively higher than the incidence limit of 1% per year that is 
internationally accepted. There is little room for flexibility. Restricted 
recertification, however, may be considered after an appropriate 
observation time without seizures and free of medication. A time 
period of 10 years has been suggested. 9 
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Non-epileptic Fits 

Conditions producing symptoms and signs that may be mistaken for 
epileptic seizures include the following: syncope, transient ischemic 
attacks, migraine, metabolic derangements (e.g., hypoglycemia), para- 
somnias, transient global amnesia, paroxysmal movement disorders 
(e.g., paroxysmal kinesiogenic choreo-athetosis), and non-epileptic 
psychogenic pseudoseizures. The differential diagnosis is particularly 
important if the non-epileptic fits share phenotypic features of the 
epileptic seizures. In 10% of the affected persons, epileptic and non¬ 
epileptic fits are confused. Evaluation of a first seizure-like event is 
usually most difficult, especially if there is no sufficient history. 

The most frequent differential diagnosis affects syncopes. 
Convulsive syncopes can be confused with generalized, convulsive 
seizures. Convulsion in syncopes is brief, about 10 seconds, and 
starts after, not before, the fall; there is no disturbance of breathing, 
the face is pale, eyes are closed, and re-orientation is prompt. In gener¬ 
alized seizures, the eyes are open, pupils are wide, and re-orientation 
is slow. Regrettably, a normal EEG-recording does not support the 
diagnostic decision. A sleep-deprived EEC and sometimes long-term 
observation may be necessary. 


Transient Global Amnesia (TGA) 

The syndrome occurs in middle-aged or elderly individuals and 
recurs in about 3%. 10 An individual behaves in an apparently auto¬ 
matic fashion for minutes to hours (<24 hours) without recollection 
of those events and has retrograde amnesia that may be spotty. 
During the ictus, the patient repetitively asks questions about his or 
her plight, identity, or location in ways that indicate an acute aware¬ 
ness of the amnesia. Although the patient recovers, a permanent 
island of memory loss for the period encompassed by the TGA may 
remain. TGA attack can follow a wide variety of stresses, including 
strenuous exertion, sexual intercourse, immersion in water, pain, or 
emotional stress. The pathogenesis of TGA is unknown but may be 
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a manifestation of migraine, transient vascular insufficiency, either 
arterial or by venous ingestion due to insufficiency of the venous 
valves in the internal jugular venes, or complex partial seizure. MRI 
revealed cellular edema in the anterior part of the temporal lobe in 
TGA. Delayed cell destruction in the CA1-region of the hippocam¬ 
pus, however, is possible, leading to hippocampal cavities, 
detectable by MRI. 11 

Aeromedical disposition: An epileptic or an arterial cause (tran¬ 
sient ischemic attack) should be ruled out. Since the recurrence 
rate decreases exponentially over time, unrestricted certification 
may be considered after an appropriate observation time, usually a 
year or two. 


OTHER NEUROLOGICAL DISEASES 

This relatively large group is a colorful collection of different neuro¬ 
logical disorders. In addition to the different diagnostic bars in Fig. 2, 
these diagnoses with less than 10 cases cover the whole field of neu¬ 
rology. This group contains paraneoplastic syndromes, syringomyelia, 
porphyria, degenerative disorders, hereditary polyneuropathies, several 
other disorders of the peripheral nervous systems, and myopathies. 
These are case-by-case decisions, some may require accredited medical 
conclusion. 


TRAUMATIC BRAIN INJURY (TBI) 

Case Definition 

The diagnosis of brain injury would seem to be relatively straightfor¬ 
ward, based on the history of exposure to a blunt or penetrating 
injury of the head followed by a temporary or persisting neurological 
deficit. FHowever, wording in the guidelines, e.g., in JAR FCL 3, FAA- 
and ICAO-regulations do not distinguish injuries of the head that do 
not affect the brain itself from injuries of the brain per se. "FHead 
trauma" is a collective name for any kind of injury to the head, with 
or without involvement of the brain. 
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Neurological Diseases N = 626 
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Figure 2. Distribution of aeromedical neurologic diagnoses. Abscissa: absolute 
numbers. Diagnoses with the less than 10 cases are in the miscellaneous bar. Asterix 
indicates diagnoses with high risk of sudden incapacitation (intracranical time 
bombs). This also accounts for the idiopathic epileptic seizures hidden in the 
"Seiz./Sync./EEG" bar. 


Evidence for the involvement of the brain includes disturbance of 
consciousness, retrograde or anterograde amnesia, and neurological 
deficits with or without associated abnormalities in neuro-imaging or 
in electrophysiological tests. These criteria can be used for differential 
diagnosis and for grading the severity of theTBI. Vegetative symptoms, 
nausea, and vomiting are frequent in TBI. They do not per se provide 
evidence for involvement of the brain but can be explained by con¬ 
cussion of the labyrinth. There are several different scales with differ¬ 
ent criteria for grading the severity of brain injuries. In clinical studies, 
the severity of brain injuries is usually graded using the Glasgow 
Coma Scale (GCS). The scale has three components based on eye 
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movement, motor, and verbal responses. It can be reported by a sin¬ 
gle score that ranges from 3 to 15 points. Brain injuries associated 
with CCS scores of 13-15 are considered mild, 9-12 moderate, and 
3-8 severe. By tradition, many neurologists prefer the term "concus¬ 
sion" for mild TBI, while moderate and/or severe TBI traditionally is 
called brain contusion. Brain concussion is defined as a traumatic loss 
of consciousness for less than 24 hours without any further neurolog¬ 
ical deficits. Retrospectively, the presence of a loss of consciousness 
might be difficult to decide, particularly if there was an overlapping 
drug effect for narcosis, etc. The criteria for loss of consciousness are 
antero- or retrograde amnesia or post-traumatic dozing. 

In mild TBI (concussion), the period of disturbed consciousness is 
usually brief, often less than 15 minutes. Retrograde amnesia is often 
limited to the course of the accident itself, but anterograde amnesia 
may last longer than the time of lost consciousness. By definition, brain 
concussion has no neurological sequelae but may be followed by 
unspecific headache or vegetative disturbances, which usually subside 
within weeks. In cases of simple brain concussion, pilots can routinely 
return to flying within a few weeks, in individual cases within a few 
days. These intervals are usually extended in cases of more severe TBI. 

Moderate and Severe TBI 

In moderate and severe TBI, morphological lesions and/or focal neu¬ 
rological deficits as aphasia or paresis are often found in addition to 
the disturbance of consciousness. Furthermore, one can find neu¬ 
ropsychological deficits with impairment of several aspects of cogni¬ 
tion, such as thought content and judgement, impaired attention and 
altered mood, and even post-traumatic personality disorders. These 
deficits are often diffucult to recognize and require specialized neu¬ 
ropsychological assessment (for details, see the neuropsychology 
chapter in this book). Morphological basis for these deficits is diffuse 
axonal injury (DAI), most often demonstrable with MRI. Subjective 
complaints correspond to brain concussion and are not necessarily 
more severe. There are also moderate and severe TBIs without a 
concussion syndrome. 12 In this group of TBI (N = 68), we assessed 
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36 concussions and 32 moderate/severe TBIs. Most of them were 
returned to flying duties. 

Post-traumatic Intracranial Hematoma 

Close observation of the patient is essential in any kind of TB1. A par¬ 
ticular problem is the so-called lucid interval. The initial loss of con¬ 
sciousness with regaining of consciousness is followed hours later by 
progressive headache and deterioration of the mental status; lateral- 
izing signs may be present. The reason is acute subdural hematoma, 
acute epidural hematoma, or any other kind of intracranial 
hematoma with mass effect. Acute subdural hematoma is usually 
caused by traumatic tearing of bridging veins, and acute epidural 
hemorrhage results from skull fracture with laceration of the middle 
meningeal artery and vein. The clinical course is similar to acute sub¬ 
dural hematoma but more rapidly progressive. Rapid herniation, res¬ 
piratory depression, and death may ensue. The diagnosis is 
established with CT scan. An acute subdural hematoma appears 
as hyperdensity over the cortex, an acute epidural hematoma is a 
lens-shaped hyperdensity. The prognosis for survival and recovery 
of patients that are neurosurgically treated immediately is gener¬ 
ally good. This also applied in our case series. In two cases, 
we found coincidental traumatic subarachnoid hemorrhage and 
traumatic intracerebral hemorrhage. These pilots did not regain 
their medical certification due to persisting neuropsychological 
deficits. 

Case 5: A captain was found unconscious, lying on the sidewalk 
in a Middle-Eastern country. After hospital admission, his mental sta¬ 
tus deteriorated with lateralizing signs. An acute epidural hematoma 
was suspected and was immediately evacuated. His condition 
improved fast, and after the third day he was free of complaints. 
There were signs of skin lacerations and skin contusions in the pari¬ 
etal region of the skull. The captain had retrograde amnesia, there 
was no history of an accident, and neuro-imaging and EEC were 
unremarkable. Thus, the cause of the trauma was unclear. A first-time 
manifestation of a generalized convulsive epilepsy could not be 
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ruled out, and the pilot was classified as unfit. An additional expert 
evaluation by a specialist in forensic medicine concluded that the 
skin lacerations were the result of criminal violence. In the case of 
simple falling, skin contusions are not found above the brim of the 
hat. After the cause of the incident was thus identified, the pilot was 
permitted to return to the cockpit. 

Long-term Outcome, Blunt or Open Head Trauma 

Case 6: A professional pilot suffered a severe open traumatic brain 
injury after a motorcycle accident. He had an impression fracture 
in the fronto-lateral region, tearing of the dura, focal frontal brain 
contusions, and a countre-coup contusion contralaterally in the 
parieto-occipital region. Management included neurosurgical 
evacuation and intensive care. The patient remained unconscious 
for one week, and then improved gradually. After two years 
of intensive rehabilitation, there was a post-traumatic personality 
disorder with prevailing altered mood status with euphoria, uncrit¬ 
icality, and severe over-estimation of his own abilities. EEC-recordings 
showed no epileptic acitivity, and there were no infectious compli¬ 
cations. With this argument, he insisted on regaining his medical 
certification. He was even able to procure legal support for this 
request. 

This case report highlights the difference between open and blunt 
head injuries. The criterion for an open (penetrating) head injury is 
the opening of the dura, e.g., in basal skull fractures with cere¬ 
brospinal fluid fistulae. This can cause infectious complications, even 
brain abscesses, sometimes month or years after the acute event. 

From a retrospective point of view, diagnosis and documentation 
of traumatic brain injuries are sometimes insufficient, especially in 
cases of polytraumas, where life-saving surgical procedures domi¬ 
nate the initial care. In these cases, TBIs simply can be overlooked 
and neurological and neuropsychological treatment can be missed. 
We saw several of these cases, where family, friends, and company 
realized the possibility of TBI late, and then only when the pilot failed 
his simulator checks for relicensing. Close observation of the clinical 



Neurology for the Aeromedical Examiner 


513 


course, combined with EEG-recordings, is of particular importance in 
aviation medicine. The time period for observation follows the risk 
for post-traumatic epilepsy, which typically begins six months to two 
years after the head trauma, but the risk persists for 10 to 20 years. 
Risk factors for post-traumatic epilepsy include intracranial hemor¬ 
rhage, depressed skull fracture, early seizures, and duration of post- 
traumatic amnesia greater than 24 hours. According to cited 
literature, 13 mild head injuries (including brief unconsciousness or 
amnesia) have a slightly elevated risk for post-traumatic epilepsy 
within five years after the injury (with SIR, standardized incidence 
ratio, of 1.5). Patients with severe injuries (with contusion, focal neu¬ 
rological deficits, intracranial hematomas, or more than 24 hours of 
unconsciousness or post-traumatic amnesia) have an SIR of 17.0, 
while those with moderate injury (skull fractures or at least 30 min¬ 
utes of unconsciousness or post-traumatic amnesia) have a SIR of 
2.9. 13 These numbers point the way for the aeromedical disposition. 

CEREBRO-VASCULAR MALFORMATIONS 
Intracranial Time Bombs 

The cases of cerebro-vascular malformations in our series are of con¬ 
genital origin. They can remain clinically silent for a long time or 
even lifelong, as can be shown by autopsy series or by incidental 
findings in neuro-imaging. 14 The majority of them can lead to serious 
neurological complications without prodromal symptoms or triggers. 
These complications include subarachnoid hemorrhages, intracere¬ 
bral hematomas, epileptic fits, and other neurological deficits. We 
know of several such complications that have occurred in flight and 
were survived only because of the other pilot in the cockpit. It is dif¬ 
ficult to estimate how many crashes of military single-seated fast jets, 
often attributed to spatial disorientation, are due to such intracranial 
catastrophies. Post-mortem examinations of the brain are often impos¬ 
sible or at least seriously limited, e.g., in crashes on the high seas or 
in crashes with impact explosions. Epidemiological data support 
such considerations, because the prevalence of intracranial vascular 
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malformations or of aneurysms in the general population is reported 
to be between 1% and 3%. 14 ^ 17 The experience from our specialist 
evaluations confirms the areomedical relevance of this topic. From 
the aeromedical point of view we call them intracranial time bombs. 
There are no existing predictors other than the size of the aneurysms, 
which could indicate which malformation will remain clinically 
silent and which will not. For military pilots we therefore consider 
preventive screening with MRI a necessity. The present group of cere¬ 
brovascular malformations consists of 1 8 aneurysms, 20 arteriovenous 
malformations (AVM), and six cavernomas. 

Aneurysms 

Epidemiology and clinical signs 

Recent studies argue that 3.6% to 6% of the population aged over 
30 years harbor an unruptured aneurysm, that these are more com¬ 
mon in females than males, and increase in frequency with age; 
they are associated with smoking and alcohol consumption, possi¬ 
bly with hypertension, and with hypercholesterolemia. 18 There is no 
evidence that aneuryms occur — at least in significant numbers — 
in younger age groups. 19 Rupture with subarachnoid hemorrhage 
(SAFT) is the primary manifestation. Overall incidence of SAFH is six 
to eight per 100000 person-years, with a case fatality rate between 
25% and 50%; one-third of survivors remain disabled. Ruptured 
saccular aneurysms account for 80% of non-traumatic SAFH. 
A severe headache of sudden onset is characteristic. The size and 
location of the hemorrhage and the presence of intraparenchymal 
and ventricular extension affect the level of consciousness (lethargy 
to coma). Sudden loss of consciousness is the presenting feature in 
20% of the cases. Meningeal signs, papilledema, retinal hemor¬ 
rhage, and seizures are common. Diagnostic evaluation includes 
CT (results are negative in about 15% of the cases) and lumbar 
punction, iftheCT finding is negative. MRI with FLAIR (fluid atten¬ 
uated inversion recovery) technique demonstrates SAFH in the acute 
stage as reliably as CT. Angiography may locate and define the 
cause of SAFH. 
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The Hunt and Hess grading scale is commonly used for the 
prognosis and timing of aneurysm surgery: 0 — unruptured 
aneurysm (symptomatic or incidental discovery); I — asymptomatic 
rupture or minimal headache and nuchal rigidity; la — no 
meningeal or brain reaction, but fixed neurologic deficit; II — mod¬ 
erate to severe headache, nuchal rigidity, no neurological deficit 
other than cranial nerve palsy; III — drowsiness, confusion, or mild 
focal neurological deficit; IV — stupor, moderate to severe hemi- 
paresis, possibly early decerebrate rigidity and vegetative distur¬ 
bances; V — deep coma, decerebrate rigidity and moribund 
appereance. Complications and sequelae of SAH result from sys¬ 
temic dysfunction (syndrome of inadequate antidiuretic hormone, 
cardiac arrhythmias, diabetes insipidus, pulmonary embolism, gas¬ 
trointestinal bleeding, respiratory depression, and cardiac arrest), 
vasospasm, rebleeding, seizures, herniation, and hydrocephalus. 
Cerebral ischemia or infarction is frequent in the first four to 14 days 
after the initial hemorrhage because of arterial vasospasm. The 
amount of subarachnoid blood correlates positively with the rate of 
occurrence of vasospasm. Lysis of the clot surrounding the 
aneurysm after the initial bleed results in rebleeding, which may 
become evident as new focal signs develop or the clinical status 
worsens. Slightly more than 20% of patients rebleed in the first two 
weeks, and more than 30% rebleed in the first month. The mortal¬ 
ity rate with rebleeding is up to 40% and higher than with the ini¬ 
tial bleeding. After the first six months, the annual rebleeding rate 
is about 5%, with an annual mortality rate of 1% to 3%. Treating 
hypertension and maintaining the blood pressure within the normal 
range helps prevent rebleeding. 

Surgical clipping of the aneurysm is the definitive therapy. 
Endovascular treatment by platinum coils has a lower morbidity and 
mortality than surgical clipping, but achieves complete aneurysm 
occlusion in only 52% to 78% of the cases. Both should be per¬ 
formed as soon as possible, especially in stable patients (Hunt and 
Hess grades I to III) to avoid the risk of rebleeding. Late occurrence 
of hydrocephalus may require shunting. The incidence of recurrent 
subarachnoid hemorrhage after clipping for ruptured intracranial 
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aneurysms is less than 1% per year (286 of 100 000 patient-years, 
95% Cl 1 60 to 472 per 100 OOO). 20 

Case 7: During check-out after an intercontinental flight, a cap¬ 
tain experienced an unusually severe headache that started sud¬ 
denly. His FO found him in the toilet in a somnolent state. A prompt 
diagnostic procedure, successful surgical clipping of an aneurysm of 
the posterior communicating artery, an uneventful postsurgical 
course, and successful rehabilitation enabled medical recertification 
after one year. 

Case 8: While acting as pilot-in-command during a night flight, 
an FO suddenly began to moan due to a severe headache; he devel¬ 
oped nausea, vomitus, meningism, and a third nerve palsy. He 
remained incapacitated for the rest of the flight. After landing, the 
SAH was diagnosed and successfully treated. Course and long-term 
outcome correspond to the previous example. These case reports can 
be classified as Hunt and Hess grade III. 

Figure 3 shows the most common sites for aneurysms in adults. 
A higher frequency of aneurysms has been reported in some famil¬ 
ial cases and in patients with polycystic kidneys, coarctation of the 
aorta, and fibromuscular dysplasia. Most aneurysms are in the 
anterior circulation: approximately 40% in the anterior cerebral 
artery, about 30% in the internal carotid artery, about 13% in the 
middle cerebral artery. About 13% occur in the posterior circula¬ 
tion (basilar or vertebral artery). Nowadays, these proximal 
aneurysms in the circle of Willis can be visualized by MRA 
(magnetic resonance angiography). Prior to surgery, the conven¬ 
tional angiography, especially digital subtraction angiography, 
is still used. Figure 4 offers an example and indicates, due to 
the vasospasm, that the clipping of the aneurysm should be 
postponed. 

Case 9: A 36-year-old private pilot suffered an SAH with acute, 
very severe headache, nuchal rigidiy, vomitus, and nausea. He had 
two large aneurysms in the anterior cerebral artery and in the middle 
cerebral artery. For many years, he had been treated with beta-blockers 
for his hypertension. Both the ruptured and the unruptured aneurysm 



Figure 3. Most common sites of aneurysms. The aneurysm at the branching of the 
middle cerebral artery and the posterior communicating artery exemplifies (arrow) 
another clinical representation (besides SAH by rupture): pressure related palsy of 
the oculomotor nerve, sometimes also involving the abducens nerve. 

With kind permission by the authors and the publisher . 1 

were clipped surgically. After successful rehabilitation, neurological 
and electrophysiological follow-up, and normal neuropsychological 
testing, he was recertificated for PPL after one year. Four years later 
the pilot had a new specialist evaluation because he wanted to 
become a professional pilot. There were new risk factors: he was 
overweight (BMI 29), had hypercholesterolemia, hypertension 
(treated with beta-blockers), and a raised y-GT. Neurological, psychi¬ 
atric, neuropsychological, and electrophysiological findings were 
unremarkable. Thus, he sot a Class I medical certificate under the 
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Figure 4. Conventional angiography (left) shows a rupturing bleeding aneurysm 
and vasospasm (indicating rebleeding) of the anterior cerebral artery. The contrast 
material/blood in the subarachnoid space surrounds the gyrus. (Right): ruptured giant 
aneurysm with lethal intracerebral hemorrhage. 


condition that he reduce his risk factors. The raised y-GT as a marker 
of potential alcohol consumption requires further evaluation. 
Aerobatics were not allowed. 

The previous examples show that the size of the aneurysm is not 
necessarily associated with the clinical findings in any clear-cut way. 
As a rule the larger the aneurysm, the higher the risk for bleeding, but 
also small aneurysms can cause severe hemorrhages. A very serious 
problem is the misjudgement of the first bleeding in lower graded 
Hunt and Hess SAH (I, II). In about 30% of SAH, there are so-called 
"warning leaks," minor bleedings that occur before the first "real" 
bleeding. In pilots, there is a tendency in those cases to make the 
diagnosis of migraine, especially if these pilots have a history of 
migraine, which was usually not revealed to the AME. This constella¬ 
tion applied to 25% of our SAH cases. Even if the initial diagnosis is 
correct, medical mismanagement in the course of the disease is still 
possible: 

Case 10: A 40-year-old professional pilot was overwhelmed by 
very severe headache, nausea, vomitus, and slight nuchal rigidity 
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during stressful pre-Christmas activity. Aspirin, which used to help his 
migraine (never revealed to the AME), did not help in this particular 
case. MRI and MRA showed an aneurysm of the anterior communi¬ 
cating artery. His condition temporarily improved and he was 
allowed by his physician to travel abroad to visit his parents. On 
Boxing-day, his mental status deteriorated and a positive lumbar 
puncture with bloody and xanthochromatic cerebrospinal fluid con¬ 
firmed both initial bleeding and rebleeding. Rather late, surgical clip¬ 
ping was performed; fortunately there were no vasospasms. Also in 
this case the Class I medical certificate could be reactivated after one 
year. The migraine, by the way, did not reoccur postoperatively. 

The next case exemplifies that aeromedical recertification is pos¬ 
sible not only after the definitive treatment of surgical clipping of the 
aneurysm but also after endovascular treatment: 

Case 13: A 41 -year-old private pilot, with a history of new-onset 
migraine that had not been evaluated, suffered a SAH level IVA/ 
according to Hunt and Hess by a fusiform aneurysm of the vertebral 
artery on the right side. Clinical manifestation was sudden loss of 
consciousness that required intubation and artificial ventilation. The 
aneurysm was located shortly after the branching of the inferior pos¬ 
terior cerebellar artery (PICA) and was obliterated by coils. There was 
enough collateral supply via the opposite side. An accompanying 
hydrocephalus had to be shunted for a short time only. Clinical 
symptoms resolved quickly, and full recovery was regained after one 
year. Flexibility was applied and he was recertificated. 

In the past, each individual aneurysm was discussed between 
neurointerventionalists and the vascular neurosurgeons. Now there 
are many institutions that prefer the endovascular route if technically 
possible, e.g., if the geometry and anatomy of the aneurysm makes it 
suitable for embolization. Nowadays, most of the aneurysms are 
treated by an endovascular technique (up to 75%). Whilst the man¬ 
agement of ruptured aneuryms is pretty clear, it is rather unclear what 
to do with unruptured aneurysms, because there are no clear predic¬ 
tors for bleeding. Unruptured aneurysms are a heterogeneous entity, 
both in terms of morphology and behavior, e.g., tendency of rupture. 
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This is in part reflected in the extreme variation in reported risk of 
rupture in the literature, between 0.05% and 5% a year. Both size 
and location are influential. Traditionally, 10 mm was thought to be 
a critical size. However, some authors report a five-year cumulative 
rupture rate of aneurysms <7 mm in the anterior circulation of 0% (!) 
and 2.5% in the posterior circulation: the corresponding numbers for 
aneurysms >25 mm are 40% or 50% respectively. 21 

Aeromedical disposition 

Although the actual rupture risk of aneurysms is rather variable 
(<5%), it is evident that the rupture risk lies in the magnitude of or 
above the critical 1% incidence rate. Thus, a person carrying an 
incidental aneurysm must be classified as unfit. Flexibility should be 
dependent on a detailed specialist evaluation of the individual case, 
which should include a statement about possible neurosurgical or 
endovascular treatment. Due to the high prevalence of aneurysms in 
the general population, we advocate the screening of military pilots 
and military applicants by MRI and MRA. We currently perform 
this policy in German military pilots. This is justified because we use 
the 1%-rule in aviation medicine. However, the efficacy of the 
screening is difficult to decide for the general population, because 
there is a de novo rate of aneurysma formation in the range of 1% 
to 2% per year, with a rupture rate of <5%, while non-invasive 
imaging tests are not yet accurate enough to detect small aneurysms, 
and the morbidity and mortality for elective surgical treatment of 
unruptured aneurysms is not low. 1 5% of SAHs are not attributable 
to saccular aneurysms. Two thirds (10% of the total) are caused by 
non-aneurysmal SAH and the remaining 5% by a variety of rare con¬ 
ditions. Perimesencephalic hemorrhage constitutes about 10% of all 
episodes of SAH, and two-thirds of those with a normal angiogram. 
In this radiologically distinct and strinkingly harmless variety of 
SAH, the extravasated blood is confined to the cisterns around 
the midbrain. This disease is defined only by the characteristic dis¬ 
tribution of the extravasated blood in combination with the absence 
of an aneurysm. Clinically, there is little to distinguish idiopathic 
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perimsesencephalic SAH from aneurysmal SAH. On admission, all 
patients are in perfect clinical condition apart from their headache. 
The clinical course is uneventful, rebleeding and delayed cerebral 
ischemia do not occur. The period of convalescence is short, and 
the quality of life in the long-term is excellent. 22 This is the only con¬ 
dition among the SAHs, where recertification after nine months is 
reasonable. 

Arterial Dissection 

Arterial dissection in the carotid or vertebral artery deserves separate 
consideration. Subadventitial dissection leads to bleeding into the 
different layers of the arterial wall; this narrows the volume 
of the vessel, thus reducing arterial supply to the brain. This may be 
asymptomatic if there is sufficient collateral supply, but a dissection 
is a good source for local thrombosis with consecutive arterio-arte- 
rial emboli. About 25% of all ischemic strokes in young patients are 
said to be caused by arterial dissection of the carotid artery. Local 
trauma may be contributive, but often the origin is unclear. We saw 
one case where a dissection of the vertebral artery led to brainstem 
infarction; it was possibly caused by chiropractic manipulation of the 
cervical spinal column. Recertification was not possible. 

Case 12: A 43-year-old captain collapsed while jogging in a park. 
A long-distance dissecting aneurysm of the internal carotid artery on 
the right side with an embolic infarction of the middle cerebral artery 
was found; thrombolytic therapy was successful. Neuro-imaging 
showed a large area of infarcted brain tissue, extending to the 
temporal lobe, the basal ganglia, and the insular cortex. Left-sided 
hemiplegia and supranuclear ophthalmoplegia resolved slowly. 
A hemiparesis with special involvement of the arm and consecutive 
impairment of fine finger movements remained in combination with 
a temporary homonymous hemianopia. These focal deficits and 
bad scoring in neuropsychological tests made the pilot unfit in a 
first specialist evaluation two years after the stroke. However, the 
pilot remained highly motivated, worked in a ground job for his 
company, and continued to pass neuropsychological training. After 
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four years, he mastered all simulator checks and regained medical 
certification. This case is a nice example of the functional plasticity 
of the brain, even in an "older" person, something which should not 
be underestimated. 

Arteriovenous Malformations (AVM) 

AVMs are another intracranial vascular topic of aeromedical relevance. 
AVMs are the most common symptomatic vascular malformation with 
a prevalence in population-based studies of 0.18%. Prevalence in 
hospital-based post-mortem studies extends up to 6%; our own data 
show a prevalence of 0.2%. 19 AVMs represent a disordered regulation 
of angiogenesis and are a result of continuous vascular modelling. In 
contrast to hemangiomas, they have normal endothelial tissue and 
turnover. They can be located anywhere in the brain tissue, with about 
80% located supratentorially. The vessels involved arise anywhere out 
of the spectrum of arteries and veins (therefore arteriovenous). Most 
often, AVMs become symptomatic between the ages of 20 to 40 and 
account for one-third of all intracranial hemorrhages in the young adult 
and up to 9% of all SAHs. Clinical manifestations include (with over¬ 
lapping) hemorrhage (67%), seizures (20%), migraine-like headache 
(20%), and gradually progressive focal neurological deficits (10%). 
Only 15% remain long-term free of symptoms. Overall lethality is 1% 
to 1.5% per year, and the cumulative bleeding rate is between 2% to 
4% per year; the case-fatality-rate is up to 20% the first 30 days after 
bleeding. The rate of rebleeding is 18% in the first year. Angiography 
detects most AVMs, and MRI is the preferred noninvasive neuro¬ 
imaging modality. Therapeutic modalities include surgical excision, 
embolization, and radiotherapy. 23 

AVMs are another example, where an (unrevealed) history of 
migraine may lead to the diagnosis. In contrast to migraine, which 
always alternates between the right and left side, a migrainous hem- 
icrania that continually stays on the same side is suspicious of an 
underlying vascular malformation. If the hemicrania is joined by a 
seizure, an AVM is highly probable. 
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Aeromedical disposition 

If surgical excision is complete and postoperative recovery is unre¬ 
markable without complications, medical recertification is possible. 
This applied to nine of our 1 6 cases. In incidental unruptured AVMs, 
we face the same problem as in unruptured aneurysms: The risk of 
rupture lies in the magnitude of or above the critical 1 % annual inci¬ 
dence rate. Thus, a person carrying an incidental AVM should be 
classified as unfit. Flexibility should be dependent on a detailed spe¬ 
cialist evaluation of the individual case, including a statement about 
recommended future treatment. 

Case 14: A first officer, while acting as pilot-in-command, sud¬ 
denly stopped radio transmission and developed a generalized con¬ 
vulsive seizure. FHe lost consciousness for several minutes and 
needed 20 minutes for reorientation. A physician among the pas- 
sangers injected diazepam. After landing, a large AVM on the right 
hemisphere with feeding from the middle cerebral artery was 
found; complete surgical removal was successful. EEC-recordings 
showed interictal epileptic activity, and phenytoin was prescribed. 
The patient did not adhere to the medication, which provoked 
additional seizures. Carbamazepin was then prescribed and 
adhered to; it could be discontinued after the third year. Neuro¬ 
imaging showed an ischemic area in the temporal pole, while fur¬ 
ther EEG-recordings confirmed interictal epileptic activity. 
Therefore medical recertification was not possible. There had been 
a history of migraine (unrevealed to the AME) before the bleeding; 
it subsided after surgery. 

Case 15: A 19-year-old glider pilot suddenly lost consciousness 
after an extraordinarily severe headache. There was an intracranial 
hemorrhage at the right hemisphere with expansion in the ventricle 
from an AVM in the temporal region. It was fed by the posterior cere¬ 
bral artery and the inferior temporal artery. After partial endovascular 
embolization, it could be successfully surgically removed. The post- 
surgical course was uneventful with regular neurological and EEG 
controls. Restricted recertification was possible after the second post- 
surgical year. 
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Our experience from specialist evaluations in aviation medi¬ 
cine tells us that some hemorrhages could have been prevented 
if pilots would not offer "empty" histories so often. In most of our 
cases, we found some complaints, often migraine, in the time 
period before the incident. Such complaints offer the opportunity 
for diagnostic work-up, thus including an important preventive 
potential. 

Cavernomas (CAV) 

After AVMs, cavernomas or cavernous angiomas — sinusoidal ves¬ 
sels without intervening neural tissue — are the second largest group 
of angiomas that become symptomatic. Surprisingly, cavernomas 
are angiographically "occult", i.e., they cannot be visualized in 
angiography, and CT fails to detect them in 30% to 50% of cases. The 
preferred method of neuro-imaging is again MRI which shows caver¬ 
nomas with a characteristic "popcorn"-like appearance due to 
different stages of minor bleeding, which are often clinically silent. 
Cavernomas are dynamic in behavior, they can arise de novo, can 
enlarge, and can reduce their size. Prevalence is 0.5% in the general 
population, with 75% of the cavernomas solitaire, and 10% to 30% 
familial. Clinical relevant symptoms usually present between the 
ages of 40 to 60 and consist of seizures (50%) and progressive neu¬ 
rological deficits (25%). About 20% are asymptomatic. Sporadic cav¬ 
ernomas carry a risk of bleeding in the range of 0.25% to 0.7% per 
year, familial cavernomas one of 1% per lesion per year. Therapy is 
surgical excision after bleeding. 23 In five of the six pilots in our series, 
seizures were the presenting symptom, which persisted after surgical 
therapy of the underlying cavernoma. Although each of these cav¬ 
ernomas could be successfully removed by surgery, the pilots 
remained permanently unfit. Because the spontaneous bleeding 
rate is less than 1% per year, carriers of incidental cavernomas 
may be considered fit for restricted certification. However, they 
should be kept under close observation with MRI monitoring, 
because of the tendency of cavernomas to grow and bleed. 
Therefore, a restriction to multicrew operations is appropriate. 
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Finally, to conclude the chapter on vascular malformations, it is of 
special aeromedical importance that any cerebral vascular malfor¬ 
mation may be multiple or accompanied by other vascular mal¬ 
formation. Therefore, the diagnostic procedures recommended are 
four-vessel-angiograhies. 

TUMORS OF THE CENTRAL NERVOUS SYSTEM 

The presence of tumors within the nervous system is often sus¬ 
pected when subacute or acute focal symptoms develop. Some 
tumors, particularly metastases or carcinomatous meningitis, 
can give rise to multifocal signs. The combination of location, 
patient demographics, and neuro-imaging often suggests the most 
likely histopathology. Metastases account for the majority of CNS 
tumors in adults; approximately 20% of all patients with systemic 
cancer have CNS involvement at some time during their illness. 
Symptoms and signs of CNS neoplasms may be generalized and 
non-localizing, usually as a result of diffuse edema, hydrocephalus, 
or increased intracranial pressure. Headaches are variable and 
may resemble tension or migraine headaches. Most headaches are 
ipsilateral to the tumor. With increased intracranial pressure, a 
bifrontal or bi-occipital headache is common, regardless of tumor 
location. Seizures occur more often with slow-growing tumors and 
with tumors in the frontal and parietal lobes. Vomiting occurs most 
consistently with posterior fossa masses. Localizing symptoms and 
signs depend on the location of the tumor. Frontal lobe masses may 
be silent or, if anterior or midline, may produce changes in person¬ 
ality and memory. Third ventricle and pineal region tumors often 
produce ventricular and aqueductal obstruction leading to hydro¬ 
cephalus. Brainstem tumors produce cranial neuropathies, long- 
tract signs, and hydrocephalus resulting from compression of the 
aqueduct. The diagnosis of a brain tumor is usually confirmed 
by neuro-imaging, either through CT scan or MRI. Hemorrhage 
occurs most often with glioblastoma multiforme and metastatic 
tumors. Calcification occurs more commonly with oligoden¬ 
drogliomas and meningiomas. Available treatment modalities 



526 


J. Kriebel and F. Weber 


include debulking surgery, radiation therapy, chemotherapy, and a 
combination of the three. 

In our series, the group of tumors consisted of 50 tumors (46 
intracranial tumors, and four spinal cord tumors), representing 9% of 
the neurological diagnoses. In two of the four spinal cord tumors 
(one lipoma, one astrocytoma WHO grade 1), complete postsurgical 
recovery made recertification for PPL possible. Two pilots, one with 
a spinal ependymoma and the other with a higher grade astrocytoma, 
were assessed as unfit. 24 

Table 1 summarizes the brain tumors according to histopatho- 
logical classification and aeromedical disposition. The next case 
vignette exemplifies the uncharacteristic appearance of malignant 


Table 1. Intracranial Neoplasms 


Histological 

Classification 


N 

WAIV 

PEND 

UNFIT 

Neuroepithelial tumors 

Glioblastoma 

3 



3 


Astrocytoma 

8 


4 

4 


Oligodendroglioma 

3 

1 

1 

1 

Meningeal tumors 

Meningeoma 

15 

12 

1 

2 

Germ cell tumors 

Teratoma/ 

4 

1 


3 


Germinoma 





Malformative tumors 

Craniopharyngeoma 

1 

1 



Hypophyseal tumors 

Adenoma 

5 

5 



Nerve sheath tumors 

Schwannoma 

7 

4 

1 

2 

Neuroectodermal 

Neuroblastoma 

2 

1 


1 

tumors 






Misc 

Cerebellar, 

1 


1 



unclassified 





Metastastatic tumors 

Bronchial 

1 



1 


carcinoma 

50 

25 

8 

17 


Histopathological classification and areomedical disposition of intracranial neoplams, N = 50. 
Abbreviations: Waiv: a waiver was granted; Pend: temporarily unfit, decision still pending, 
Unfit: permanently unfit. 
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brain tumors. These tumors carry a poor prognosis with short survival 
time. Most often they are diagnosed late in the course of the disease. 
For this reason, the affected pilots may still be flying while unaware 
of their progressive malignant brain tumors. 

Case 16: Over a period of several months, a 32-year-old heli¬ 
copter pilot, a good sportsman and dedicated to many social activi¬ 
ties, became socially isolated and gave up one kind of sport after the 
other. FHe went to his aeromedical examiner, complaining of 
headaches, fatigue, and impairment of concentration and initiative 
"for some time." The aeromedical examiner noticed a ptosis, and the 
pilot was referred to our hospital. One day before admission, the 
pilot had flown passenger flights. We diagnosed a large glioblastoma 
in the right frontal lobe with surrounding edema and mass effect with 
ventricular obstruction. The pilot died four months later in spite of all 
available therapies. 

Benign Tumors 

Among the benign tumors, meningeomas and acoustic neuromas 
deserve some special remarks. Meningeomas usually present with 
seizures (in about 80% of cases); they can often be removed com¬ 
pletely without neurological deficits, and seizures cease after 
removal. Thus, pilots with meningeomas can often be recertificated 
(in our series, 12 out of 15 cases). This does not apply to the rare 
cases where, due to personal indolence, the tumors reach the size of 
an orange and cause pressure-related deficits. Acoustic neuromas 
(vestibular schwannomas) represent about 6% of all intracranial 
tumors. They are benign, slow-growing tumors, which arise from 
cells in the sheaths that surround the vestibulocochlear nerve. The 
neuromas usually manifest themselves as one-sided hearing impair¬ 
ment, which may go ignored by the patient or be dismissed by the 
doctor. Continued growth of these neuromas ultimately results in 
compression of the brainstem due to raised intracranial pressure. 
About 90% of patients experience gradual, progressive hearing loss 
in one ear. FHowever, about 5% experience a sudden hearing loss. 
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Many (about 70%) experience tinnitus in one ear. However, about 
3% of patients with acoustic neuromas will have normal hearing at 
presentation. The incidence of acoustic neuromas is around 13 cases/ 
million/year, and a recent radiological study found seven unsuspected 
acoustic neuromas per 10 000 brain MRI studies — equivalent to 
700 cases in a population of one million. 25 There are three manage¬ 
ment options: interval scanning, surgical removal, or radiotherapy. 
Interval scanning with no intervention (watchful waiting) may be 
considered, at least in the short term, for patients with a small neu¬ 
roma and good hearing. For intracanalicular neuromas, an observa¬ 
tion period between scans of approximately one year may be 
appropriate as there is evidence that some of these neuromas cease 
to grow, at least in the short term. 26 Growth in the first year follow¬ 
ing diagnosis is predictive of later neuroma enlargement. 27 All 
patients being managed conservatively should be reviewed by 
annual imaging, to look for neuroma growth. It should be kept in 
mind that interval scanning bears the risk of complications like 
facial palsy or hearing loss. Therefore, in our opinion, early surgi¬ 
cal removal — especially by an experienced neurosurgeon — is the 
treatment of choice and should be offered to the majority of 
patients with acoustic neuromas. Complete neuroma removal is 
achievable in over 95% of cases. Operative mortality in experienced 
centers is less than 1%, the risk being slightly greater with larger 
neuromas. Permanent facial paralysis, either partial or complete, 
remains the greatest single source of disability following neuroma 
removal; those patients with large neuromas are at greatest risk of 
this complication. 

If there are contraindications against surgery, stereotactic 
radio-surgery and fractionated stereotactic radiotherapy may be 
considered: Small and medium-sized neuromas up to 3.0 cm in 
diameter are considered potential candidates for radiotherapy. All 
patients who undergo radiotherapy must submit to serial scanning 
for the rest of their lives or until neuroma growth ceases. No con¬ 
trolled studies exist to show that radiotherapy is better than no 
treatment. Concern exists about treating benign lesions, such as 
acoustic neuromas, with radiation, especially in the absence of 
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tissue diagnosis. The long-term risks of such complications as 
brainstem ischemia and injury to cranial nerves (such as the facial 
nerve) are uncertain. Aeromedical disposition: Recertification is 
possible if there are no or acceptable neurological deficits. In our 
experience, most pilots prefer watchful waiting or radiotherapy, 
because these treatment options do not affect the fitness to fly in 
the short term. We have no experience with long-term results of 
radiotherapy in pilots. 


PARAPLEGIC PILOTS 
Paraplegia 

In industrialized nations, the incidence of acute traumatic paraplegia 
is estimated at 20 to 50 per 1 000 000 and year. Some of these hand¬ 
icapped persons may have an astonishing performance ability, which 
can be seen at the paralympics. 

In recent years we have been asked for specialist evaluation of 
41 paraplegic patients applying for PPL. 36 were of traumatic origin, 
and five cases were neurodegenerative or tumorous. Until 1988, these 
pilots would have been considered unfit in Germany (and still are in 
many other countries today), even to fly without passengers. The rea¬ 
son was that a handicapped person might be unable to save himself 
in case of an accident. In 1972, the "International Wheelchair 
Aviators" (IWA), the first association of handicapped pilots, was 
founded in the USA. It was followed by the "Delta Foxtrot" (Disabled 
Flyers) in the United Kingdom and by the "Interessengemeinschaft 
Iuftsporttreibender Behinderter e.V." (Rolliflieger) in 1993 in Germany. 
These associations are devoted to helping persons with physical 
handicaps obtain a pilot's licence. They also mediate an exchange of 
experience between handicapped and non-handicapped pilots, give 
advice on the development of technical means to compensate for 
various handicaps, and provide assistance to applicants in aeromed¬ 
ical cases. 

In the community of aeromedical examiners, it is still disputed 
whether paraplegic pilots can be certificated to fly. FHowever, our 
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experience with steadily increasing accumulated flight time by 
handicapped pilots is positive. Up to now, there has been no seri¬ 
ous incident or accident attributed to a pilot's handicap. Of course, 
our specialist evaluations represent a selected group of paraplegic 
persons. All were socially integrated, most of them working full¬ 
time and holding a driver's licence. The average age was 38 years, 
and the time between the onset of the disease and application for 
medical certification was 11 years on average. Most of them had 
pretraumatic flying experience, and they all applied for PPL only. 
Most lesions were in the thoracic spinal cord and in five cases in 
the cervical cord. 22 handicapped applicants suffered from neuro¬ 
genic bladder dysfunction, but they were able to carry out inter¬ 
mittent self-catheterization without complications. Besides the 
absence of secondary complications, another important criterion 
was stability in the sitting position and a sufficient function of the 
muscles of shoulder, arm, and hand to operate aircraft in which 
also rudder and brakes were converted to manual control. In seven 
out of 41 pilots (17%), a restricted medical certification could not 
be recommended. The reasons for not recommending certification 
were: weakness in muscles of the hand and arm due to high cervi¬ 
cal lesions in two cases, additional traumatic brain injury with neu¬ 
ropsychological deficits in two cases, additional functional 
monocularity in one case, and in two cases, infiltrating growth of a 
partially resected astrocytoma. Myelopathies, relapsing or progres¬ 
sive demyelinating lesions, or progressive neoplastic growth of 
extramedullary or intramedullary tumors are conditions for which 
certification usually cannot be recommended. Sometimes, the rec¬ 
ommendation not to issue a certificate leads to legal actions. The 
applicant then learns the rationale for the specialist's recommenda¬ 
tion and, although formerly positive-minded, self-confident and 
motivated, now develops anxious self-observation and fear of the 
future. This is an aspect of the appeal's procedure of which all 
aeromedical examiners should be aware. Furthermore, we assessed 
eight pilots with amputations. We recommended certification in 
cases where the functional deficit was adequately compensated 
with a prosthetic device. 
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Manual Control 

In accordance with ICAO Standards and Recommended Practices in 
Annex 1 — Personnel Licensing, JAR-FCL 3 has made it easy to assess 
the medical fitness of handicapped applicants. The applicant should 
not have any abnormality within the musculosceletal system that 
might affect flight safety. A new development is that the applicant has 
the opportunity to prove by a practical test that he is able to com¬ 
pensate safely for his handicap. Technical aids, such as certified 
manual controls, are expressively permitted. There is certified equip¬ 
ment that can be retrofitted in some gliders and some types of flying 
vehicles in the E- and K-Class. Conversion is rather fast, so these 
types can be flown with normal controls, too. During conversion, 
landing flaps can be fixed stepwise, and the movements of the rud¬ 
der with pedals are replaced by a forward and backward movement 
of a hand-held lever. Regrettably this kind of equipment does not 
work in the same way in gliders and motor planes, so there can be 
adjustment problems for pilots who fly both gliders and motor 
planes. In the cases we describe, receiving certification and the joy 
of flying contributed to the self-esteem and social integration of these 
persons. From our experience, and international experience, this 
kind of "therapeutic flying" should be advocated whenever compat¬ 
ible with flight safety. 

STROKE 

Incidence 

As cerebrovascular and cardiovascular pathology is often interrelated 
(see the Cardiology chapters), 80% of strokes are ischemic, while 
20% are due to intracerebral hemorrhage. Of the latter, about a quar¬ 
ter is due to subarachnoid haemorrhage, with the other 75% being 
due to primary intracerebral hemorrhage. FHemorrhages due to vas¬ 
cular malformations and aneurysms have already been reviewed. We 
now focus on cerebral ischemia, represented by 44 cases, i.e., 8% of 
our case series. We had only one intracranial hemorrhage due to 
hypertension. In industrialized nations, after coronary artery disease 



532 


J. Kriebel and F. Weber 


and cancer, stroke is the third leading cause of death and the leading 
cause of premature disability. 1 Incidence depends on age, gender, 
and race-ethnicity, and was estimated at 200-350/100 000 in indus¬ 
trialized countries, with a prevalence of approximately 600/100 000. 1 
Cerebral ischemic events are classified by anatomic location, size of 
blood vessels (small and large vessel disease), duration of deficit, and 
mechanism (cardioembolic, atherosclerotic, lacunar). The recogni¬ 
tion and reduction of risk factors is the most effective method to pre¬ 
vent stroke. Risk factors may be modifiable or non-modifiable and 
vary with age and race. In young adults trauma, drugs, oral contra¬ 
ceptives, migraine, and spontaneous arterial dissection are the most 
common cause of ischemic stroke. In older patients (>55 years) 
hypertension, prior stroke or TIAs, coronary artery disease, conges¬ 
tive heart failure, and diabetes are important risk factors. Smoking, 
obesity, increased fibrinogen level, family history of premature death 
from stroke, and excessive alcohol use are also recognized as risk 
factors. Studies show that atrial fibrillation is associated with a six¬ 
fold increased risk for stroke. In our experiene, the influence of 
chronic alcohol intake in socially accepted dosages on hypertension 
is underestimated. 28-31 

In aviators, the incidence and prevalence of stroke in the older 
age groups is lower than in the general population. This might be due 
to a preventive effect of the periodical medical examinations ('healthy 
worker effect'). 

Aeromedical Disposition 

Stroke is a disqualifying condition. Certification may be possible, if 
the outcome is good (without any or with very minor neurological 
and neuropsychological deficits), and if the recurrence rate in the 
individual case is low. In our case series, we could recommend a 
restricted certification only in eight cases. In what follows, we focus 
on a discussion of the recurrence rate and on measures of secondary 
prevention, which should be included in the review process. 
Recurrent stroke is not infrequent. In ischemic stroke, the risk of 
recurrence may be as high as 10-12% in the first year and 5-8% 
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yearly thereafter, with a cumulative risk of up to 30-40% in five 
years. 15% of these patients will have a myocardial infarction and a 
similar proportion will die as a consequence of vascular disease. 31,32 
More than 75% of secondary ischemic events (such as myocardial 
infarction, ischemic stroke, or vascular death) are strokes. 33 In non- 
aneurysmal brain hemorrhage, the risk of recurrence following the 
initial hemorrhage is 3-7% after one year and 19% after five years. 34 
The immediate post-stroke period carries the greater risk of early 
recurrence. In the Stroke Data Bank 3.3% patients with infarcts had 
an early recurrence within 30, accounting for 30% of recurrent 
strokes in the following two years. 35 The rate of stroke recurrence 
varies for stroke subtypes, being higher in patients with cardio- 
embolic stroke and those with stroke due to high-grade carotid steno¬ 
sis than in patients with lacunar stroke or moderate to minimal 
carotid stenosis (Fig. 5). 

Whilst a second stroke is most often caused by the same mecha¬ 
nism as the first stroke, some patients will have strokes of a different 
etiology. 34 Patients with cardio-embolic stroke are most likely to have 
recurrent stroke from the heart; there is a lower frequency of same 
etiology recurrence in those in whom the initial stroke was due to 
arterial emboli, hemorrhage or lacunar infarction. In patients with 
cerebral infarction, 5% of recurrent strokes will be hemorrhagic, 
whilst in those with intracebral hemorrhage, 42% of recurrences will 
be ischemic. Also the territory of the recurrent stroke is not always 
the same. 34 The mechanism of recurrent ischemic events may well be 
different from the index event, because the risk factors that predis¬ 
pose to different subtypes of cerebral ischemia are largely similar. 
Transient cerebral or ocular ischemic attacks (TIA) are a strong pre¬ 
dictor of subsequent stroke. 36 The risk of stroke is highest during the 
first few days after a TIA. The 90-day risk of ipsilateral stroke is 
20.1%, while the two-day risk is 5.5%. Most ischemic strokes, 
regardless of duration, are athero-embolic in origin and a manifesta¬ 
tion of more widespread vascular disease, which might comprise 
large-artery occlusive disease, including the aorta and the coronary 
arteries, with resulting atrial fibrillation. About half of all patients are 
hypertensive. Recurrent stroke may therefore be caused by coexistent 
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Figure 5. The most important etiologies of cerebral infarction: cardiovascular 
emboli; arterio-arterial emboli; atherosclerosis; stenosis and occlusion; vascu- 
lopathies and dysrhythmias. Modified after Ref.1 with kind permission of the authors 
and the publisher. 


pathology present at the time of the index event but not etiologically 
related to that event. 

Thus, certification should be dependent on a detailed specialist 
evaluation of the individual case after an appropriate observation 
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time (usually in the magnitude of one year) that should include 
a statement about stroke classification and recurrence rate. 
Certification should not be unconditional, but bound to lifestyle and 
risk factor modification. In practice there is a continuum between 
primary and secondary prevention, but it should be pointed out 
clearly to the pilots that the absolute benefit of lifestyle and risk fac¬ 
tor modification is likely to be much larger in those who are at high 
risk after having had a stroke than in those without symptomatic vas¬ 
cular disease. 

Tobacco smoking: Smoking increases the risk of stroke by a 
factor of 1.5 to three. In people who smoke less than 20 cigarettes 
a day, cessation decreases the risk of stroke to the level of non- 
smokers. Cessation by those who smoke more than this also 
reduces the risk of stroke, though their risk remains higher than 
that of non-smokers. 37 

Physical activity: Physical activity favorably influences vascular 
risk factors: it decreases blood pressure, helps patients to maintain 
normal weight, and improves glucose tolerance. Moderate exercise, 
at least 30 minutes per day, decreases the risk of a first stroke, but 
there is no evidence of the effect on recurrent stroke. 

Alcohol: Heavy alcohol consumption is associated with 
increased risk of stroke. 38 It is controversial whether middle-aged 
people, drinking one or two drinks (i.e., between 10 and 30 g 
ethanol) daily have a lower risk of stroke than non-drinkers. 39,40 
People who do not drink should not be encouraged to do so; how¬ 
ever, those who do should be encouraged to drink no more than the 
appropriate amount, i.e., as little as possible. 41 

Diet: High dietary salt intake contributes to blood pressure ele¬ 
vation and hypertension. Increasing the dietary intake of potassium 
containing food such as fruits and vegetables potentiate the effect of 
lowering dietary salt intake. Limitation of saturated fatty acids in the 
diet may also lower blood pressure and be of benefit to the lipid pro¬ 
file. 38 Whilst evidence would suggest that elevated blood homocys¬ 
teine increases the risk of stroke, 42 there is no evidence available as 
to whether dietary supplementation with vitamins B6, B12, and folic 
acid might prevent stroke. 43 
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Blood pressure: Elevated blood pressure increases the relative risk 
of stroke by four to five times. Systolic hypertension (>140 mmHg) and 
diastolic hypertension (>95 mmHg) are independent risk factors for 
stroke. 38,44,45 In 17 world-wide trials of blood pressure reduction 
involving nearly 50000 patients, a 38% reduction in risk of all 
strokes and a 40% reduction in fatal strokes followed antihyperten¬ 
sive treatment. 46 The target of antihypertensive treatment is to achieve 
normal levels of systolic and diastolic blood pressure, i.e., systolic 
blood pressure <140 mmHg and diastolic blood pressure <90 mmHg; 
the recommended maximum level is <150/90 mmHg. 47-49 There 
have been fewer data confirming the role of blood pressure lowering 
treatment in secondary stroke prevention. 50 However, the recent 
PROGRESS trial demonstrated that against a background of standard 
treatment blood pressure reduction, a flexible regime with an 
ACE inhibitor (perindopril) and a diuretic (indapamide) was benefi¬ 
cial and reduced the risk of stroke by 28% over four years. 51 The 
target level of blood pressure control in the secondary stroke 
prevention has not been precisely defined by PROGRESS, though 
benefit was present even in patients who at baseline were not hyper¬ 
tensive (as defined in the study) or had blood pressure less than 
140/85 mmHg. It appears that the lower the pressure, the lower the 
risk of stroke. 

Dyslipidemia: High levels of cholesterol, LDL cholesterol, triglyc¬ 
erides, and low concentration of HDL cholesterol are independent 
risk factors of coronary artery disease. Meta-analysis of clinical trials 
of reductase HMG-CoA inhibitors (statins) has shown that their use in 
people with unstable coronary artery disease and a history of myocar¬ 
dial infarction is associated with a 30% reduction in stroke inci¬ 
dence. 52,53 The largest studies have been done with the use of simvastatin 
and pravastatin, but other statins may have a similar effect. Dietary 
modification or the use of fibrates has not proved to be effective. 
As yet specific data on the secondary preventive effect of statins in 
patients with stroke orTIA are available mainly from the stroke sub¬ 
group of a large, randomized, placebo-controlled study (Heart 
Protection Study, HPS) of high-risk patients. 54 The result in the stroke 
subgroup is similar to the overall result of the trial: about one-quarter 
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reduction of a combined end-point of serious vascular events (includ¬ 
ing stroke) and revascularization. 55 The benefits were additional to 
those of existing treatments, and there were no substantial safety con¬ 
cerns. Statins are now widely used in patients with stroke. Their use 
should be considered mainly in patients with coronary heart disease, 
atherosclerotic changes in carotid or peripheral arteries, high level of 
cholesterol, and diabetes. 

Antiplatelet drugs: Acetylsalicylic acid (Aspirin7) or another oral 
antiplatelet drug is protective in most types of patients at increased 
risk of occlusive vascular events, including those with stroke. Late 
stroke prevention: Antiplatelet drugs reduce the risk of late stroke 
recurrence and other vascular events. Treatment of 1000 patients for 
three years after stroke resulted in 36 fewer serious vascular events 
per 1000 patients. This benefit reflects a significant reduction in non- 
fatal stroke (25 fewer/1000), non-fatal myocardial infarction 
(six fewer/1000), vascular mortality (seven fewer/1000), and the 
reduction in mortality (15 fewer deaths/1000). 56 As it is the most cost- 
effective antiplatelet drug, acetylsalicylic acid is most widely used. 
Gastro-intestinal side effects are dose related, whereas bleeding com¬ 
plications are not related to dose. Acetylsalicylic acid in doses of 
75-150 mg daily is an effective antiplatelet regimen for long-term 
use. 56 Other antiplatelet drugs available include ticlopidine, clopido- 
grel, and dipyridamole. 

Carotid surgery: The efficacy of endarterectomy of the carotid 
artery in secondary stroke prevention was demonstrated in two large, 
randomized trials: ECST and NASCET for patients with carotid terri¬ 
tory TIA or non-disabling stroke during the last six months and a 
severe stenosis of the ipsilateral carotid artery. 57-61 The pooled analy¬ 
sis confirmed that the benefit was substantial in 70-99% of sympto¬ 
matic stenosis of the carotid artery, with an absolute risk reduction of 
16.0%, corresponding to a number needed to treat (NNT) of six to 
prevent one ipsilateral stroke or any stroke or surgical death. 58 The 
benefit of surgery was modest in patients with 50-69% stenosis, with 
an NNT of 24 to prevent one ipsilateral stroke, or 14 to prevent one 
stroke of any origin or death. There was no benefit for patients with 
30-49% stenosis, and surgery was harmful for patients with <30% 
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stenosis. Carotid angioplasty with stenting has up to now not con¬ 
vincingly been proven to be an alternative to the use of carotid 
endarterectomy. Carotid surgery in primary prevention is indicated 
only for 70-99% stenosis and provides only a small beneficial effect 
compared with best medical treatment. Oral anticoagulants have not 
been reviewed here because they cause medical unfitness per se. 


INFLAMMATORY DISORDERS OF THE CENTRAL 
NERVOUS SYSTEM 

Multiple Sclerosis 

Our case series contains 14 cases of multiple sclerosis (MS). MS is 
best understood as an immune-mediated disease that affects the 
central nervous system's white matter and is the leading cause of 
neurological disability in the western hemisphere. Onset of the dis¬ 
ease peaks between the ages of 20 and 30. The incidence of MS 
increases with latitude in moderate climates. The risk of developing 
the disease correlates with the latitude at which one lived before the 
age of 15 years. There is a familial predisposition for its develop¬ 
ment; women are more affected than men and whites more than 
blacks or Asians. Approximately 80% of patients will have relapsing- 
remitting MS, while 20% follow a primary progressive course. Of 
the patients with relapsing-remitting disease, 50% will develop sec¬ 
ondary progressive MS. Clinical features cover a broad spectrum 
and include fatigue, limb weakness, spasticity, hyperreflexia, pares¬ 
thesias, Lhermitte's sign (barber's chair phenomenon), ataxia, 
tremor, nystagmus, vertigo, optic neuritis, internuclear ophthalmo¬ 
plegia, bowel or bladder dysfunction, depression, emotional lability, 
and cognitive abnormalities. The diagnosis is made on clinical grounds 
and is supported by radiological (MRI) and laboratory studies (CSF 
analysis). Treatment options include methylprednisolon for acute 
relapses and beta interferon or glatiramer acetate or intravenously 
applied gamma-globulins to reduce the frequency of relapses and 
the formation of new lesions. Favorable prognostic factors include 
relapsing-remitting disease at onset, younger age of onset, opticus 
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neuritis or sensory symptoms at onset, high degree of remission, and 
few functional systems involved. In long-term studies of MRI as a 
predictor of outcome, the extent of imaging abnormalities detected 
at initial presentation of an isolated clinical syndrome suggestive of 
MS (such as opticus neuritis) provided information regarding the 
potential development of MS. There is a significant and positive cor¬ 
relation between the number of new or enlarging lesions on MRI 
and clinical disability over two to three years. 62,63 

Aeromedical Disposition 

Restricted medical certification is possible early in the course of the 
disease, after complete recovery of the first or second relapse. Close 
observation at short intervals is necessary, and a multi-crew restric¬ 
tion is indicated. New relapses may be incapacitating, but almost 
never evolve paroxysmally. After complete remission, a new attack 
usually takes at least 24 to 48 hours to develop. In view of the usual 
course of the disease, it should be pointed out to the pilot that certi¬ 
fication cannot be guaranteed in the long-term. However, we have 
seen some cases with a minor deficit stable for many years, which 
was compatible with certification, including airline pilots. Given the 
fact that the cause of MS remains unknown, there has been an exten¬ 
sive search for risk factors for the development of the disease. These 
suspected "risk factors" include trauma, stress, specific environmen¬ 
tal exposures such as cold temperature, infections, diet, pregnancy, 
and breast-feeding. Up to now, there is no conclusive result, but it is 
possible, that a number of unspecific agents could trigger MS in 
genetically susceptible individuals. We have no reasons to believe 
that flying per se could be such a trigger. 

Infections 

Here, we focus on meningitis, brain abscesses, and encephalitis. 
These conditions deal with inflammation of the brain related to infec¬ 
tious, post-infectious, or demyelinating states. Encephalitis can occur 
as an acute febrile illness associated with headache, seizures, 
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lethargy, confusion, coma, ocular motor palsies, ataxia, abnormal 
movements, and myoclonus. Alternatively, it may present as a slowly 
progressive, afebrile disease. Prognosis depends on the causative 
agent and the use of antiviral agents. Variable degrees of residua 
include impaired cognition and memory, behavioral changes, hemi- 
paresis, and seizures. 

The most common cause of fatal viral encephalitis in the western 
world is herpes simplex encephalitis (HSV type I), but there are also 
arthropod-transmitted epidemic encephalitis, immune-deficient 
related encephalitis, and non-viral causes as prion infections, rick- 
ettsia, bacteria, etc., and post-infectious encephalomyelitis. We pres¬ 
ent a case of herpes simplex encephalitis. 

Case 17: After a flight, a 50-year-old captain with more than 12 600 
flying hours experienced a slight illness with headache, dizziness, 
lethargy and fever. Symptoms improved, and he decided to drive 
home from the airport. Although he obviously knew the way well, he 
could not find his home. He phoned his spouse who gave him direc¬ 
tions, and he tried to follow her instructions. Shortly after, he was 
found sitting in his car, confused and restless. He was admitted to a 
near-by neurological clinic with memory deficits and sensory apha¬ 
sia. CSF-analysis and MRI were performed. MRI showed increased 
signal intensity in the medial and inferior temporal lobe, particularly 
on the left side. A diagnosis of herpes simplex encephalitis (HSV type 1) 
was made and treatment with aciclovir was started immediately. 
Diagnosis was confirmed by lymphocytic pleocytosis and positive 
PCR. Acute treatment and rehabilitation led to complete recovery of 
the sensory aphasia and improvement of the cognitive deficits, but 
problems with learning new information remained. EEC recordings 
showed no focal slowing or interictal epileptic activity. After an 
observation period of two years there were still memory deficits, and 
therefore recertification could not be recommended. 

HIV and AIDS 

AIDS is caused by the retrovirus HIV (human immunodeficiency 
virus). Neurological manifestations at any level of the neuraxis at any 
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stage of infection are seen and can be a result of direct HIV infection, 
HIV-induced immune dysregulation, or opportunistic infections. In 
early HIV infection, HIV meningoencephalitis can accompany the 
syndrome of viral infection, resulting in self-limited encephalopathy. 
In midstage HIV-infection, HIV meningitis can recur at any point and 
may remain asymptomatic. In late HIV infection (CD4 count 
<200//rl_), neurological complications include focal brain lesions 
caused by cerebral toxoplasmosis, primary CNS lymphoma, progres¬ 
sive multifocal encephalopathy, fungal abscesses, tumors, and stroke, 
in addition to cryptoccocal meningitis, syphilitic meningitis, tuber¬ 
culous meningitis, and HIV encephalopathy. Neurological manifes¬ 
tations of late HIV infection are always a bar to medical certification. 
In early HIV infection without any kind of neurological deficit, close 
observation is necessary. It is often a problem that the time of infec¬ 
tion cannot be determined, thus the length of the time interval up to 
clinical manifestations is difficult to estimate. On the basis of case- 
by-case decisions, some pilots may be given restricted certification 
but close follow-ups are mandatory. 


HEADACHE AND MIGRAINE 
Unrecorded Cases, Symptomatology 

Headache is extremely common. The lifetime prevalence of 
headache (any kind), migraine, and tension-type headache has been 
estimated as 93%, 8%, and 69% respectively for men, and 99%, 
25%, and 88% respectively for women. The prevalence of tension- 
type headache decreases with increasing age, whereas migraine 
shows no correlation to age. The brain itself is not sensitive to pain. 
Headache develops with irritation of pain sensitive structures, i.e., 
the large vessels of the brain, the basal dura and pia, the sinus, and 
the cranial nerves. A current hypothesis claims that the pulsating 
headache during a migraine attack originates from the inflamed and 
dilated walls of dural vessels. 

Epidemiological and twin studies indicate that migraine, in par¬ 
ticular migraine with aura, is an inherited disease. Multiple genes, 
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however, must be involved. Migraine is characterized by unilateral, 
pulsating, moderate to severe headache, often increasing with phys¬ 
ical acitivity and helped by sleep. Migraine may be preceded or 
accompanied by auras, most commonly visual fortification spectra, 
scintillating scotomas, or flashes of light (photopsias). Migraine sub- 
types include those with aura (classic, complicated, opthalmic, 
hemiparesthetic, hemiplegic, or aphasic) and without aura (common 
migraine), ophthalmoplegic migraine (most commonly complete 
oculomotor palsy), retinal migraine, and basilar migraine. Aura 
symptoms develop within minutes and last usually less than one 
hour. Occasionally, migraines may be pure acephalalgic auras 
(migraine sine hemicrania), but these may require investigation to 
rule out other intracranial processes. 

Migraine is a highly prevalent illness that remains substantially 
under-diagnosed, both in primary care and in aviation medicine. 
Diagnosis is made exclusively by history. For this reason, migraine is 
probably the diagnosis with the highest number of unrecorded cases in 
aviation medicine. Additional investigations (EEC, neuro-imaging, etc.) 
only serve to rule out other intracranial processes. We have already 
pointed out that a strictly unilateral migraine that does not change side 
within the time course of the disease, should be carefully investigated 
to rule out vascular malformations. Complicated migraines, like oph¬ 
thalmoplegic ones or those with focal neurological syndromes are 
often symptomatic, i.e., caused by vascular malformation, etc. 

Treatment of Migraine 

EHeadache therapy involves three components: Psychological (reas¬ 
surance and counseling, stress management, relaxation therapy), 
physical (identifying headache triggers such as diet, hormone varia¬ 
tions, stress), and pharmacotherapy. A headache calendar docu¬ 
menting the occurrence, severity and duration of headaches, the type 
and efficacy of medication taken, and triggering factors should 
be recorded by the patient. Pharmacotherapy can be divided in 
two approaches, symptomatic and prophylactic. Treating the 
migraine attack: Mild to moderate migraine attacks should be treated 
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by analgesics or non-steroidal anti-inflammatory drugs (NSAIDs), 
either alone or in combination with an anti-emetic drug. The new 
class of COX-2 inhibitors is not superior to non-steroidal anti-inflam¬ 
matory drugs in the treatment of migraine attacks. Acetylsalicylic 
acid (Aspirin) should be taken in doses between 500 and 1000 mg. 
Paracetamol (acetaminophen) is available as tablets, suppositories 
and drops. The usual dose is 1000 mg. Ibuprofen, naproxen, or 
diclofenac can be used for the treatment of a migraine attack. Other 
frequently used NSAIDs are indomethacin, flubiprofen, ketoprofen, 
and tolfenamic acid. Metamizol is effective in doses between 500 
and 1000 mg and has a good tolerability. Many patients are nause¬ 
ated during a migraine attack. Therefore, the use of antiemetics 
(metoclopramide or domperidone) is indicated. In addition, these 
drugs speed up the gastrointestinal absorption of many analgesics 
and ergots. Antiemetics can either be taken some time before anal¬ 
gesics or at the same time. Moderate or severe migraine attacks 
should be treated with specific migraine drugs. 64 These include ergot 
alkaloids (also called ergots), and triptans. Migraine "specific" means 
that these drugs only work in migraine (and in cluster headache), but 
not in tension type headache or other pains like tooth pain or gen¬ 
eral pain. Ergotamine and dihydroergotamine (DHE) have been avail¬ 
able for a long time. Ergots are less effective than most of the triptans 
and can cause nausea and vomiting as a side effect. 65 They have 
vasoconstrictive properties and are therefore contraindicated in 
uncontrolled hypertension, coronary heart disease, peripheral vascu¬ 
lar disease, cerebro-vascular disease (stroke and TIA), hepatic or 
renal disease, and during pregnancy. 

Severe migraine attacks that disable the patient should be treated 
with a triptan (sumatriptan, zolmitriptan, naratriptan, rizatriptan etc). 
About 20-30% of patients are non-responders to triptans. Triptans 
may have a peripheral mode of action and will not be effective once 
central sensitization has taken place, i.e., they should be adminis¬ 
tered before allodynia of the head or face develops. Prevention of 
migraine: Established drugs for the prevention of migraine include 
betablockers (e.g., propranolol, metoprolol), flunarizine, valproic 
acid, and tricyclic antidepressants. The variety of effective drugs indicates 
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that the mode of action of drugs used for migraine prophylaxis 
is unknown. 

Case 18: During a holiday period, a 32-year-old FO with a posi¬ 
tive family history for migraine developed an attack with aura. A sud¬ 
den speech arrest was followed by repetition of syllables. Language 
understanding and perception was not impaired. After 30 minutes, a 
severe pulsating headache in the fronto-temporal region with nausea, 
photophobia, and phonophobia developed, lasting for several hours. 
The attacks recurred three to four times a week, aphasia became 
weaker, but paresthesia developed in the right arm. Neuro-imaging 
(MRI, MRA) and EEC were normal. Preventive treatment with 
propanolol was stopped by the patient after four months. Stress man¬ 
agement and muscle relaxation were supportive. A continuous ther¬ 
apy with acetylsalicylic acid was finally sucessful. Recertification 
was recommended. 


Aeromedical Disposition 

In five Class 1 pilots, we did not recommend recertification due to 
hemianopia during the aura and inadequate effect of pharmacother¬ 
apy. In one case, a binocular central scotoma developed in flight dur¬ 
ing the final approach. In general, we recommend recertification if 
the frequency of the attacks is low and if the attacks (inlcuding the 
aura) can safely be controlled by pharmacotherapy without signifi¬ 
cant side effects. A multi-crew restriction is necessary. We are very 
reluctant to recommend certification for single-pilot operations. This 
reduces the room for certification of general aviation pilots. 
Furthermore, migraine patients often do not habituate on repeating 
sensory stimuli, making them prone to airsickness. 


PARKINSON'S DISEASE 
Diagnosis and Clinical Course 

Parkinson's disease (paralysis agitans) is a progressive movement dis¬ 
order resulting from defective neurotransmission of dopamine in the 
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basal ganglia. The neurodegenerative process is characterized by a 
triad of symptoms: Tremor at rest, rigidity (cogwheel rigidity), and 
bradykinesia (slowness of movements). 

Frequently the onset is unilateral but the course is variable. In 
some cases, resting tremor ("pill-rolling tremor", 4-7 FHz) as hemitremor 
may be the first and only symptom for some time. 

The symptoms of the triad may start in different combinations and 
sequences. Relatively modest limitations may progress to complete 
invalidism. 

The diagnosis is clinical. Cases with slow and modest sympto¬ 
matology need time and follow-ups to ensure the diagnosis. 

Case 19: A 50-year-old captain underwent orthopedic treatment 
for about two years. First then his back pain, related to the vertebral 
column, could be diagnosed as Parkinson's disease with pronounced 
axial rigidity. 

In most cases rigidity is pronounced in arms and hands due to 
increased muscle tone simultaneously in the extensor and flexor 
muscles. Besides rigidity, the motor system is affected by bradykine¬ 
sia, especially by reduced self-initiation of movements as indicated 
by passive behavior. The clinical presentation may also show reduced 
mimic movements progressing to mask-like face, slow and hypo- 
phonic speech, reduced size of fine motor activities leading to 
micrography, forward flexed posture, walking with reduced arm 
swing, shuffling gait, and, in the later course, postural instability. 

Rather often, the patients develop autonomic dysfunctions, e.g., 
orthostatic hypotension or impaired thermoregulation, with some¬ 
times pronounced sweating, especially at night. 

From an aeromedical point of view, attention should be paid to 
cognitive impairment, in some cases with later manifestation of 
dementia. Depressive and anxious symptomatology is likely to get 
worse. Cognitive dysfunctions and depression may even precede the 
neurological diagnosis. 

The onset of Parkinson's disease peaks in the sixth decade, but much 
earlier onset is possible. The colorful bundle of symptoms, in varying 
interacting combinations, and the need for treatment make close coop¬ 
eration between the aeromedical examiner and a neurologist necessary. 
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Differential Diagnoses and Treatment 

Impaired eye movements, severe dysautonomic features, cerebellar 
symptoms, ataxia, dyskinesia, etc., make a precise differential diagnosis 
necessary. Before medical treatment is commenced, Parkinson's-plus 
syndrome and other neurodegenerative diseases should be excluded. 

Treatment remains symptomatic and combines physiotherapy 
and medication. The individual medication is age-related and 
depends on the clinical picture and the progression of the disease. 
All medications used (levodopa, dopamine agonists, anticholinergic 
drugs, COMT inhibitors, MAO B inhibitors, etc.) bear the risk of side 
effects, such as drowsiness, unexpectedly falling asleep during day¬ 
time activities, confusion, blurred vision, dyskinesia, and even psy¬ 
chotic reactions with visual hallucinations. 

For detailed information and staging and rating scales, see 
neurology textbooks. 


Aeromedical Disposition 

Only cases with little impairment and slowly progressive symptoms 
without side effects of treatment may be considered for medical certi¬ 
fication and only on a case-to-case basis. Re-examinations and follow¬ 
ups are mandatory to assure that flight safety is not endangered. 


ARACHNOID CYSTS 

Risks of Arachnoid Cysts in Aviation Medicine 

Arachnoid cysts are cavities within the subarachnoid space, filled 
with cerebrospinal fluid. They can be diagnosed radiologically as 
cystic expansions of the subarachnoid space with a smooth, sharp 
demarcation. The content of the cyst is homogeneous with the same 
signal intensity as cerebrospinal fluid. Our series contains 13 pilots with 
arachnoid cysts, corresponding to 2% of our neurological diagnoses 
in aviation medicine. FHowever, these cases are significant, because 
they represent intracranial time bombs just like the aforementioned 
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vascular malformations. Ten of these cases had cysts in the medial 
cranial fossa, while two cysts were infratentorial and led to aplasia of 
the ipsilateral cerebellar hemisphere and to displacement of the brain 
stem. The affected pilot suffered from vertigo and ataxia, which sub¬ 
sided after surgery; recertification was recommended. The residual 
11 cases, presenting predominantly with complex focal seizures, 
remained permanently disqualified. 

Prevalence, Clinical Symptoms and Signs 

We conducted a large (N= 1772) prospective MRI trial in healthy young 
applicants for military flying in the German Air Force and found a preva¬ 
lence of arachnoid cysts of 1.5% (= 27/1 772, 95% confidence interval 
1.0% to 2.2%). 14 This was confirmed by a later study in the same pop¬ 
ulation, which showed a prevalence of 1.7%. 19 As described in the lit¬ 
erature, arachnoid cysts were usually found in the temporal fossa 
(22/27) and more on the left than on the right side (14/8). All were uni¬ 
lateral. The prevalence was confirmed by an even larger retrospective 
study on MRIs and CTs of neurological and psychiatric patients. FHere, 
we found a prevalence of 1.8% (= 142/7705; 95% Cl 1.5% to 2.2%). 

Arachnoid cysts are considered a disorder of leptomeningeal 
development; the arachnoid top layers of the temporal and parietal 
lobe do not merge and form a non-communicating liquid compart¬ 
ment that is entirely surrounded by arachnoid membrane. Depending 
on the size of the cyst, it is associated with a more or less expressed 
hypoplasia or aplasia of the ipsilateral temporal lobe. Arachnoid cysts 
are usually described as purely incidental findings without any 
pathological significance and that may be correct for the majority of 
the findings. On the other hand, there are many case reports arguing 
in favor of a pathogenic potential of these cysts, but there is always a 
discussion about whether pathological findings in carriers of arachnoid 
cysts are purely coincidental. There is no classic symptomatology 
besides the tendency to provoke seizures. Symptoms can be related 
to the cysts themselves (tendency to subdural hematoma in minor 
traumatic head injury, epileptic fits through pressure on adjacent 
brain substance, grouped rhythmic discharges in the EEG, headache) 
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or to the maldeveloped temporal lobe. Cognitive deficits include 
impaired learning and memory, attention deficits, and personality 
disorders. Also psychiatric disorders, including paranoid psychosis, 
can be seen. However, there are no known predictors for the devel¬ 
opment of a neuropsychiatric problem in a carrier of an asympto¬ 
matic arachnoid cyst. We present the case of a 45-year-old captain 
with a longstanding asymptomatic cyst. 

Case 20: A 45-year-old pilot with more than 12000 flying hours 
developed affective lability, increased irritability, and aggressiveness 
on trivial occasions that could be compensated in the professional, 
but not in familial environment. The familial conflict was amplified 
by imperative, often incomprehensible orders to the family. The 
pilot, however, often did not even remember these orders. After a 
dispute with his wife, a divorce was initiated. Due to his strange 
behavior, a psychiatric investigation was carried out on the lawyer's 
advice. A large temporal arachnoid cyst with aplasia of the anterior 
aspects of the temporal lobe was found, additional to memory dis¬ 
order and frequent psychomotor attacks with consecutive amnesia. 
Spikes and sharp waves in the temporal region of the EEG-recording 
confirmed interictal epileptiform activity. Neuropsychological 
assessment showed slow cerebration with impaired learning, atten¬ 
tiveness, and information processing. Retrospectively, it was aston¬ 
ishing that all these impairments could be compensated for such a 
long time in the professional environment. Recertification was not 
recommended. 

Intracranial Hemorrhage 

Another major problem in arachnoid cysts is their proneness to 
develop intracranial, in particular subdural, hemorrhages after minor 
head injury. 

In Fig. 6, the upper row illustrates this with an impressive 
example. In this case, the pilot hit his head against the edge of a 
door while playing with his daughter. He had only brief pain, no 
skin contusion and no impairment of consciousness; he continued 
playing. 
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Figure 6. Upper left: Arachnoid cyst (arrow) loco typico with hypoplasia of the 
temporal lobe pole. Upper right: Subdural hematoma following minor head injury 
of the same patient. Notice increased intracranial pressure with midline shift. Lower 
row: Arteriovenous angioma (AVA — Case 14). Left: Angiography. Right: Magnetic 
Resonance Angiography (MRA): Feeding of AVA by the middle cerebral artery. 


Aeromedical Disposition 

Pilots with symptomatic arachnoid cysts are unfit. In our case series, 
one case presented with recurring nystagmus and double vision. 
Another two showed marked impairment of learning and concentra¬ 
tion and general slowing with a drop in efficiency as the presenting 
symptom. Eight pilots were Class 1. In pilots with incidental asymp¬ 
tomatic arachnoid cysts, our current aeromedical policy is to consider 
recertification of those pilots who have no additional abnormal findings 
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in monitoring-MRI (no progress), EEG and neuropsychological testing, 
usually with a multicrew restriction. If we obtain an abnormal finding 
in the additional investigations, we classify the pilot as unfit. The rel¬ 
ative large prevalence of arachnoid cysts (>1%) is another argument 
for MRI screening of military fighter pilots and astronauts. 

CONCLUSIONS 

Neurology has an interdisciplinary orientation towards aviation 
medicine. For example, there are many neuro-otological and neuro- 
ophthalmological issues. There are many neurological disorders in 
the daily work of the internist. The neurologist often sees manifesta¬ 
tions or sequelae of internal diseases. In the brevity of this chapter, 
we cannot offer a complete survey of neurology. We have followed 
the frequency of the disorders in our daily neurological aeromedical 
practice. A special problem in neurology is the "empty history." This 
can only be overcome by a "trusting" attitude of the pilots/patients 
towards neurology. Our aim is to preserve the pilots' medical fitness. 
Another issue we wanted to point out is that certain conditions in 
neurology can only be diagnosed by additional technical investiga¬ 
tions such as electrophysiology (EEG, evoked potentials, EMG) and 
neuro-imaging. The relatively high frequency of hitherto silent 
intracranial abnormalities (aneurysms, arachnoid cysts) justifies MRI 
screening in military pilots and astronauts. In addition to internal 
medicine, ENT, and ophthalmology, there is a considerable overlap¬ 
ping to psychiatry. Some of our case reports could have been pre¬ 
sented just as well in the psychiatric chapter, which follows next. 
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INTRODUCTION 

Epidemiology of Psychiatric Disorders 

Internationally, psychiatric and/or neuropsychiatric disorders follow 
internal somatic diseases as the second most frequent cause of unfit¬ 
ness for medical certification. Psychiatric disorders are relatively 
common and are a greater cost to society than cardiovascular dis¬ 
eases. Epidemiological research has proven that mental disorders are 
highly relevant to general medical, internal medical, orthopedic, and 
other medical practices, but are sometimes not identified or misdi¬ 
agnosed and incorrectly treated. 

Competency of Psychologists and Psychiatrists 

Mentally conspicuous behaviors are extremely diverse and lie within 
the competencies of many fields of specialization. The tasks of the 
psychiatrist, and partly also those of the neurologist, are not easily dis¬ 
tinguished from those of the psychologist, especially within clinical 
psychology and neuropsychology. The lack of etiological specificity in 


*Corresponding author. 

+ Facharztfur Neurologie und Psychiatrie-Psychotherapie-Flugmedizin, Scultetusweg 8, 
D-98075 Ulm, Germany. 

*Max-Planck Institute for Psychiatry, Munich, Germany. 


557 




558 


J. Kriebel and M. M. Weber 


psychopathological syndromes is mentioned in the chapter devoted to 
neurology. Mentally conspicuous behaviors may be triggered by toxins, 
inflammations, cerebral trauma, and other diseases and disorders. The 
primary responsibility for their diagnosis and treatment rests with psy¬ 
chiatrists or neurologists. Contrary to the opinions of some AMEs, the 
treatment of psychotic (e.g. schizophrenic) pilots is not the responsibil¬ 
ity of aviation psychologists, whose primary competence involves the 
testing of pilots' aptitude and practical capabilities. Such tests may indi¬ 
cate that an applicant is unsuitable for training as a pilot but are not suf¬ 
ficient to confirm the existence of a psychopathological condition. 
Simply put, a psychologist's remit is the testing of flight aptitude which 
is comparable to the remit of a clinical physiologist. In the event of a 
somatic disease such as a heart attack, it goes without saying that the 
patient would be referred to a cardiologist rather than to a cardiac phys¬ 
iologist. Similarly, flight personnel who exhibit mentally conspicuous 
behavior should initially be referred to a psychiatrist, not to a psychol¬ 
ogist. However, after having recuperated from a psychiatric 
disorder, an aviator should perhaps be required to repeat certain parts 
of a flight-aptitude examination. The undoubtedly complex overlapping 
of clinical psychology and psychiatry demands information and coop¬ 
eration rather than unproductive competition. 

Subsequent chapters in this book discuss various psychological task 
fields, especially psychological testing and neuropsychological exami¬ 
nation to determine whether a perceived abnormality might have a 
somatic cause, e.g., brain damage resulting from a trauma. Such exam¬ 
inations may also disclose problems that might otherwise elude detec¬ 
tion by AMEs, many of whom tend toward a one-sided somatic view 
and who may therefore overlook general symptoms of organic brain dis¬ 
ease, e.g., cognitive functional deficiency, reduction of cognitive adapt¬ 
ability, abnormally early onset of fatigue, reduction in retentiveness and 
comprehension, difficulties with concentration, increased irritability, 
affective instability, etc. The phrasing of the requirements in JAR-FCL3 
should contribute toward reducing the number of misdiagnoses. The 
medical provisions and guidelines of FAA and ICAO are clearer. 
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CLASSIFICATION AND DIAGNOSIS 
OF MENTAL DISORDERS 

The ICD-10 and the DSM-IV 

Let us now return to psychiatry and the scope of its responsibilities. 
Psychiatry uses somatotherapeutic, psychotherapeutic, and socio- 
therapeutic methods, and it concerns itself with the diagnosis of 
mental disorders, their non-surgical therapy, prevention, rehabilita¬ 
tion and evaluation, as well as their social components and psycho¬ 
somatic aspects. 

The preceding definition has created a problem with regard to 
nomenclature and classifications. Unlike the traditional diagnostic 
concept (which was strongly oriented toward etiological notions), 
current diagnostic practice primarily relies on descriptive, phenome¬ 
nological, and operational criteria. The DSM-IV, i.e., the "Diagnostic 
and Statistic Manual of Mental Disorders, 4th Edition" of the 
American Psychiatric Association, precisely defines these criteria for 
each nosological entity. 1 Whereas the DSM-IV is the preferred basis 
for practitioners in English-speaking countries in particular and for 
international neurobiological research in general, the psychiatric 
chapter in ICD-10 (the World Health Organization's "International 
Statistical Classification of Diseases and Related Health Problems 
10th Revision), chapter F 2 is the authoritative reference to assure 
international uniformity of diagnostic terminology. Although the 
codes in WEHO's ICD-10 are commonly used in international aviation 
medicine and are the basis for ICAO's medical provisions, psychia¬ 
trists who treat outpatients or inpatients and who examine pilots 
often also use terminological codes specified in the DSM-IV, so AMEs 
should be familiar with both terminologies. Although the DSM-IV 
and the ICD-10 F differ in many details, these divergences are negli¬ 
gible from an aeromedical perspective because both taxonomic sys¬ 
tems rely on the same basic principles and use nearly identical 
terminologies and criteria for the majority of disorders. Of practical 
importance is the fact that the DSM-IV has retained the numerical codes 
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from the obsolete ICD-9, whereas the ICD-10 uses an alphanumeric 
code. The letter "F" is assigned to psychiatric disorders and the letter 
"G" is used for neurological disorders. In accord with standard inter¬ 
national practice, the ICD-10's codes will be used on the following 
pages, and reference will be made to DSM-IV codes only in cases 
where this seems more suitable to the matter at hand. 

One consequence of this operationally and phenomenologically 
defined diagnostic system is that many terms that formerly played an 
important role in psychiatry (e.g., "endogenous" or "psychogenic") 
are no longer used. Furthermore, the DSM-IV and the ICD-10 have 
largely replaced the concept of "illness" with the concept of "disorder" 
and have abandoned the traditional "psychosis/neurosis" dichotomy. 
Another feature shared by both classificatory systems is the principle 
of co-morbidity in the coding of diagnoses. If the symptomatology 
satisfies the inclusive and exclusive criteria for several mental disor¬ 
ders, then all of them must be listed side-by-side, even if biological 
and psychological understanding would suggest the existence of a 
common etiology. 

Among the other important benefits of this international nomen- 
clatural consensus is the fact that terminological concurrence makes 
it easier for a non-psychiatrist to assign a diagnosis to an empirically 
observed psychopathological profile. FHowever, unrestricted 
reliance on the ICD-10 and the DSM-IV remains problematic for 
aviation medicine and necessitate certain compromises. In particu¬ 
lar, the outmoded "psychosis/neurosis" dichotomy and other tradi¬ 
tional psychiatric terminologies have not yet entirely disappeared 
from aeromedical guidelines for the assessment of flight fitness. 
Such terminologies are also still sometimes encountered in written 
evaluations of flight personnel. The etiological orientation remains 
important for the prognosis, so this vocabulary is also used in this 
and other chapters. In addition to relying on guidelines for the eval¬ 
uation of flight fitness, many psychiatrists and neurologists who col¬ 
laborate with flight surgeons still use classical psychiatric 
terminologies. Comparable compromises persist even in newer 
editions of authoritative textbooks, to which readers seeking more 
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detailed information are referred. 3-5 Sporadic usage of classical 
vocabulary will probably persist throughout a lengthy transitional 
period. 

Psychiatric Diagnosis 

After this introduction to psychiatric nosology, it seems expedient 
to briefly describe the psychiatric examination, which should con¬ 
sist of a physical examination, including a complete neurological 
profile, and if necessary, laboratory testing and examinations with 
technical methods, including CNS imaging. To increase the accu¬ 
racy of the diagnosis, structured interviews augment psychological 
tests designed to evaluate cognitive capacity and personality cha¬ 
racteristics. Clinical psychopathology's purely phenomenological 
orientation, which tends to neglect somatic aspects and the results 
of psychological tests, is no longer acceptable. The absence of eti¬ 
ological specificity in the syndromes, as well as the interweaving of 
neurological, psychiatric, and general medical aspects, should 
always be borne in mind. Personality and affectual disturbances 
can surely be traced to cerebral-organic factors in the narrower 
sense of this term. 

The chapter on neurology discussed the inadequate therapeutic 
consequences of a purely phenomenological orientation, e.g., the 
futile attempt to use psychotherapy to treat a brain tumor. No purely 
phenomenological, reliably appraisable, etiologically specific, noso¬ 
logical entities exist within psychiatry. The dualistic "somatic versus 
mental" model is obsolete. 34 Somatically oriented examinations also 
play an important role in psychiatry, but they must be clearly indi¬ 
cated. Dissociative personality disorders without proof of organic 
cause, or "psychosomatic" disorders with organic manifestations, are 
presently classified as somatoform disorders, but the minds of 
patients suffering from such disorders are often strongly fixated on 
purely somatic symptoms. Because these patients tend to change 
physicians frequently, the same examinations may be repeatedly 
many times over. 
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Flight Fitness 

The psychiatric requirements for flight fitness, specified in the JAR- 
FCL 3 and in the FAA and ICAO regulations, stipulate that a pilot's 
licence should not be granted to a person suffering from a psychiatric 
disorder that could conceivably interfere with his or her ability to 
safely fly an airplane. The disqualifying disorder may be acute or 
chronic, congenital or acquired, and its existence can be determined 
either through medical history or clinical diagnosis. Particular atten¬ 
tion should be paid to schizophrenic and affective disorders, anxiety 
and personality disorders, and problems associated with alcohol or 
the misuse of other psychotropic substances. 

PSYCHOTIC DISORDERS 
Definition and Etiology 

Sporadic psychotic symptoms are not necessarily indicative of a psy¬ 
chosis because they may also occur transiently during the critical 
phases of other disorders. A genuine psychosis is a pathological con¬ 
dition in which the impairment of mental functions becomes so 
severe that it significantly interferes with reasonable insight, drasti¬ 
cally impairs the ability to cope with the demands of daily life, and/or 
seriously disrupts contact with objective reality. 3 - 4 Continuity of per¬ 
ception is disordered and contact with objective reality is lost. 

The traditional triadic nosological system distinguishes between 
organically explicable psychoses in the narrower sense on the one 
hand, and schizophrenic and affective psychoses on the other hand. 
Among the organic psychoses, it differentiates between brain- 
inherent disorders (e.g. encephalitis, vascular processes, and tumors) 
and disorders in which the brain participates (e.g., intoxications, 
infections, endocrinopathies). The outcome of an aeromedical exam¬ 
ination depends upon the prognosis and the degree of success in the 
treatment of the underlying disorder. 

Affective psychoses may occur as monopolar depression or 
monopolar mania, as well as in bipolar form, i.e., with alternating depres¬ 
sive and hypomanic or manic episodes. Although genetic components 
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play a significant role in the etiology of schizophrenic and affective 
psychoses, genetic factors alone cannot fully explain the type of 
symptoms or the moment in time when they appear. Recently deve¬ 
loped examination techniques such as positron-emission tomography 
(PET) and functional magnetic-resonance imaging (fMRT) combine 
structural and functional depictions. Advances in the fields of neuro¬ 
transmission and psychopharmacology are yielding an increasingly 
large body of evidence that suggests schizophrenic and affective 
psychoses are accompanied by pathological somatic changes in the 
central nervous system. 

As Fig. 1 shows, our aeromedical results conform to this threefold 
classificatory scheme and categorize psychiatric disorders sensu 
stricto into organic, schizophrenic, and affective disorders. 

The Significance of Epidemiology in the Practice 
of Aviation Medicine 

The above mentioned categories of mental disorders (organic mental/ 
behavioral, schizophrenic delusional and mood-anxiety disorders) 
account for 38% of the 338 psychiatric diagnoses. About half of the 
bar with mood and anxiety disorders contains about 16% of major 
depression of the former "endogenous" type. All patients in this 
group and those represented by the first two bars were permanently 
disqualified from flight duties. Patients with organic-psychotic disor¬ 
ders constituted 2% of the group: if they had received sufficient treat¬ 
ment, and if such treatment had been lastingly successful, then these 
individuals might have been granted waivers, albeit with specified 
restrictions. However, because of insufficient therapeutic measures 
(e.g. due to tardy diagnosis of the underlying disorders), and also 
partly as a result of the patients' lack of insight into their own 
illnesses, none of them were deemed fit for flight duties. 

Case 1: A polytoxicomanic PPL-A holder with more than 
500 hours of flight experience who had abused alcohol for many years. 
He also ingested analgesics, sedatives, amphetamines, and other psy¬ 
chotropic substances. Ignoring his elevated levels of liver enzymes 
and MCV, AMEs had repeatedly re-issued his medical certificate. 
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Figure 1 . Distribution of psychiatric diagnostic groups (N = 338). Abscissa: absolute numbers. 
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One day, he went to the airfield at which he had chartered airplanes 
for many years and, without prior authorization, took an airplane 
out of the hangar, damaging two parked planes in the process. He 
then flew to an airport he was quite familiar with. The flight seemed 
to have passed without further mishaps. After landing, he disobeyed 
orders to switch off the engine, left it idling, and walked into the air¬ 
port restaurant. When the chief air-traffic controller asked him for 
an explanation, he seemed disoriented, confused, and agitated. 
He took off his clothes, ran across the airfield stark naked while ges¬ 
ticulating wildly, thereby disrupting normal flight operations. The 
police escorted him to the nearest psychiatric ward, where he was 
admitted against his will as an inpatient and diagnosed as suffering 
from a substance-induced psychotic disorder (ICD-10: FI 4.5). After 
undergoing insufficient therapeutic measures (his detoxification was 
not followed by treatment for substance abuse), he enlisted the aid 
of a lawyer to assist him in his struggle to regain a Class 2 medical 
certificate. 

This example shows how a psychiatric disorder can induce its 
sufferer to violate behavioral norms and regulations, jeopardize his 
own and others' safety, and fail to appreciate well-founded criticism 
of his actions. The ICD-10 assigns organic mental disorders and 
behavioral disorders due to the use of psychotropic substances to 
Chapters FO and FI. From a purely phenomenological perspective, 
it is often difficult or impossible to distinguish the symptoms of these 
disorders from symptoms associated with disorders in the F2 cate¬ 
gories, which include schizophrenia, schizotypal, and delusional 
disorders. 

Case 2: A private pilot with PPL-A and C who toward the end 
of his academic studies had been diagnosed as suffering from a 
schizophrenic disorder (ICD-10: F.20) with ego disorders (dereali¬ 
zation, thought insertion), formal thought disorders (scattered and 
incoherent thoughts, flight of ideas, talking past the point), paranoid 
symptoms (delusions of grandeur), and hallucinatory symptoms 
(commenting and imperative voices). Subsequent episodes exhibited 
additional hypomanic aspects (elevated mood, euphoria, feelings of 
happiness, hyperactivity, hardly any sleep but without an apparent 
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sleep deficit). He was 35 years old at the time of his first aeromedical 
examination, during which he recounted an inconspicuous medical 
history while maintaining a regular regimen of neuroleptic medica¬ 
tion. He was given a Class 2 medical certificate. He suffered a 
relapse after discontinuing his antipsychotic medication "with the 
approval of the family physician." Megalomaniacal symptoms pre¬ 
dominated during several weeks of inpatient psychiatric treatment. 
He felt as though he was a messiah who could save the world, and he 
was unshakably convinced of his delusion that he could end all wars. 
He resumed taking antipsychotic medication, and after recounting 
another inconspicuous medical history at his next medical examina¬ 
tion, he was again assessed as fit to fly. After having decided on his 
own to discontinue taking his medications, he suffered a third psy¬ 
chotic episode. At times he felt a "split of personality" and frequently 
experienced auditory hallucinations, during which he always heard 
the same familiar voice. During a flight, this voice ordered him to 
change his destination and land at an airport with his radio and 
transponder turned off. If he failed to comply, the voice warned that 
"something bad would happen." After a bizarre approach to the air¬ 
port, he landed his plane between the airliners and was subsequently 
confined for several weeks in a psychiatric hospital, where he felt as 
though he was "the immortal messiah." Because he was unable to 
convince others of this belief, he jumped through a windowpane: 
"I didn't even know what floor I was on." The impact of his plunge was 
partly absorbed by a sand heap at a construction site, so he suffered 
only minimal bruises and lacerations. He interpreted this good fortune 
as further confirmation of his invulnerability to injury, which he used 
to justify his violent resistance to the police, whom he regarded as 
"Judases." His symptoms quickly disappeared after resuming taking 
antipsychotic medications. Because of the risk of relapse, this was 
now assessed as a permanently disqualifying disorder. 

Risk of Relapse 

Neurologists and psychiatrists frequently encounter the problem of 
inconspicuous medical histories. The example above of a paranoid 
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hallucinatory schizophrenia (ICD-10: F20.2) shows the risks that this 
disorder can pose to flight safety. It also clearly indicates that psy¬ 
chotic episodes can recur without recognizable triggers and that they 
often go initially unnoticed by people in the individual's social 
surroundings. The duration of intervals between episodes varies dras¬ 
tically from patient to patient and can be very lengthy. Nonetheless, 
international rules for fitness of aviation personnel stipulate that a 
history of a schizophrenic disorder with subsequent confirmation of 
this diagnosis renders the applicant permanently unfit for all classes 
of medical certification, despite optimal medical treatment and good 
compliance. 

Rather than citing numerous additional examples from our first¬ 
hand experience of such cases, we shall recount the history of a 
spectacular accident that occurred in 1982 during an approach to 
Tokyo-Haneda airport in Japan. The accident report revealed that cul¬ 
tural aspects also played a role, especially the extreme inequality in 
the hierarchal positions of the captain and his first officer. Shortly 
before his DC-8 with 1 74 persons on board reached the airport, the 
captain, who suffered from schizophrenia with florid paranoid symp¬ 
toms, deliberately crashed the aircraft into the shallow waters of 
Tokyo Bay. 24 passengers perished in the accident, which would 
have claimed even more lives were it not for the first officer's ener¬ 
getic counter-steering. Approximately six years before the accident, 
this experienced captain had repeatedly exhibited conspicuous psy- 
chopathological behavior. He was treated several times by his physi¬ 
cians, who suspected that he may have been suffering from 
depressive and psychosomatic disorders. His sister had long before 
been diagnosed as suffering from a schizophrenic psychosis. He was 
disqualified from flight duties for approximately one year. After a 
check flight with an AME on board, the captain was reconfirmed as 
fit for flight duty. Two years prior to the accident, copilots reported 
that the captain behaved in a peculiar way while piloting his aircraft. 
Among his idiosyncrasies, he would remain silent during a flight, 
refuse to answer questions posed directly to him or laugh uncontrol¬ 
lably (parathymia). His paranoid psychosis gradually evolved but was 
ignored for a long time by people in his surroundings. He was 
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absolutely convinced that spies in his homeland were preparing 
bloody confrontations. He gravely threatened his wife, whom he imag¬ 
ined to be one of the spies. With absolute delusional certainty, and 
perhaps under the influence of imperative voices, he began to exhibit 
suicidal symptoms which culminated in an expanded suicide. 

This case story shows, inter alia, that family medical histories 
may be of great importance and that check flights during symptom- 
free intervals, with or without physicians on board and with or with¬ 
out supporting psychological tests, are improper as they may create 
a false sense of security. Schizophrenic and affective psychoses ren¬ 
der those suffering from them permanently unfit for all classes 
of medical certification. 

The crash of a Royal Air Maroc ATR-42 on a domestic flight in 1994 
is another case of expanded suicide. The captain, who likewise suffered 
from a schizophrenic disorder, killed himself and his 43 passengers. 
Though he had repeatedly been treated as a psychiatric inpatient in 
the past, the necessary aeromedical consequences were not forth¬ 
coming. Though suicidal behavior is not uncommon in psychiatry, 
it can be difficult to properly assess and can often occur unexpect¬ 
edly, much to the dismay of even the most experienced clinicians. 
This fact is impressively confirmed by the numerous international 
cases of suicides that occur either during psychiatric hospitaliza¬ 
tion, shortly after patients have been released, or on furloughs from 
hospitals. 3 - 4 ' 6 

Though airplanes are seldom flown with suicidal intent, the 
Internet confirms that they are often discussed as potential "tools" for 
vehicular suicide. 7-9 The histrionically staged suicide of a private pilot 
in November 1996, who announced that he was preparing to crash 
his plane into the Zugspitze (Germany's tallest mountain peak), 
defies classification in any of the above mentioned diagnostic groups 
and seems more likely to have resulted from a histrionic personality 
disorder. We shall return to the topic of suicide later and in another 
context. As these examples show, even distinctly pathological symp¬ 
toms sometimes go undetected, not only by people in the patient's 
social environment, but also by physicians, including neurologists 
and psychologists. 
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Case 3: A 32-year-old private pilot (PPL-A and C) with nearly 
800 hours of flight experience was hospitalized for four months 
with what appeared to be the initial manifestations of a paranoid- 
hallucinatory psychosis. He suffered a relapse after opting to discon¬ 
tinue his regimen of antipsychotic medication. Upon his re-admittance 
for inpatient treatment for an additional period of more than two 
months, the diagnosis of a schizophrenic disorder was definitely con¬ 
firmed. After being informed about the patient's psychiatric treat¬ 
ment, an AME erroneously referred him for a psychological 
evaluation for flight fitness during a symptom-free interval. Such test¬ 
ing was clearly inappropriate, as he should have been referred to a 
psychiatrist. The patient's preexistent and clearly psychotic symptoms 
were now erroneously reinterpreted as psychoreactive conflict con¬ 
stellations in the context of personality disorders. The regimen of 
antipsychotic medication was discontinued in the wake of this incor¬ 
rect diagnosis, and as one would expect, he suffered a relapse. 
His comrades found him engaging in a hunger strike in his room, 
where he had barricaded himself several days previously because of 
ideas of persecution. A psychiatric and aeromedical assessment 
following another interval of inpatient therapy confirmed the patient's 
permanent unfitness for all classes of medical certification. 

Psychopathological symptoms vary from person to person and 
are frequently associated with the patient's biography. Symptom-free 
intervals are variable, too: if no residual psychosis persists during 
these intervals, patients return to normal behavior, perform well in 
their jobs, and are able to cope with stress. Symptom-free intervals 
after psychotic episodes may last for weeks, months, years or even 
decades. 

Psychopharmacological treatment, augmented by social-therapeutic 
measures, often enables post-psychotic patients to recover their 
ability to work. It would, however, be irresponsible to allow a post- 
psychotic pilot to return to flying. AMEs also frequently underesti¬ 
mate the significance of uncharacteristic premonitory symptoms, 
which may appear years before the onset of a full-fledged psychosis 
and which can be correctly diagnosed only after the appearance of 
obviously schizophrenic symptomatology. 
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Typically, schizophrenic and affective symptoms appear simulta¬ 
neously and with equal severity during a psychotic episode. The ICD- 
10 and the DSM-IV assign these schizoaffective disorders to the 
schizophreniform group. The three pilots suffering from schizoaffec¬ 
tive disorders are therefore categorized in the corresponding column 
in Fig. 1. The international classificatory system differentiates among 
schizodepressive (F25.1), schizomanic (F25.0), and mixed schizoaf¬ 
fective disorders (F25.2). 

Case 4: A 30-year-old postgraduate student and glider pilot 
with about 300 hours of flight experience discontinued his regimen 
of antipsychotic medication during a sojourn abroad. His concentra¬ 
tion and attentiveness became severely disturbed and he developed 
manifold symptoms, including incoherence, talking past the point, 
delusional thoughts including fantasies of omnipotence, experiences 
of depersonalization and derealization, parathymias (affective behav¬ 
ior inappropriate to the situation), agitation, panic attacks, depressive 
intervals followed by hypomanically euphoric moods, loose associa¬ 
tions, and a massively reduced need for sleep without any feeling of 
sleep deprivation. FHe believed that cancer had been implanted in 
him and that he would be able to cure it. FHe was also unshakably 
convinced that he had invented a cure for AIDS. Only vague infor¬ 
mation could be gleaned about his auditory hallucinations. His 
father suffered from a paranoid disorder. The patient first underwent 
psychiatric treatment at age 22 and was afterwards repeatedly hospi¬ 
talized, on one occasion against his will. The diagnosis of a schizoaf¬ 
fective disorder (ICD-10 F25.2) could be confirmed, his regimen of 
antipsychotic medication was successfully fine-tuned, and his capa¬ 
city to work was restored. FHowever, his fitness for flying could never 
be restored. 

Although these aeromedical decisions are responsible and 
appropriate, they are often difficult to accept for the affected indi¬ 
viduals, as well as for colleagues who lack aeromedical training. 
This is one of the reasons why "inconspicuous" medical histories are 
frequently presented at aeromedical examinations. Important infor¬ 
mation from the patient's own medical history and/or from his 
family's medical history usually comes to light only in retrospect. 
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This is frequently, and unfortunately, the case in aviation medicine, 
especially in neurology and most particularly in psychiatry, as we 
can see in the following example, where psychotic disturbances 
repeatedly recur but are not unambiguously interpreted as indica¬ 
tive of schizophrenia. 

Case 5: A high-school graduate who hoped to become a 
commercial airline pilot twice failed the requisite psychological 
aptitude tests. Alongside his work in another career, he earned an 
ATPL and amassed more than 3000 hours of flight experience. For 
many years, he did not tell his AME about his six inpatient psychi¬ 
atric treatments of more than five months' duration, nor did he divulge 
that he had undergone several weeks of inpatient treatment in a 
closed ward. 

Diagnosis: Episodes of acute psychotic disorder without a con¬ 
firmed diagnosis of schizophrenia (ICD-10 F23.0). This diagnosis 
belongs to the ICD's Group F2, which includes schizophrenia, 
schizotypal, and delusional disorders. Various conspicuously patho¬ 
logical behaviors were observed alternately and in different combi¬ 
nations. These included: a delusional system with delusional 
perceptions, ideas of persecution, loosening of associations, formally 
accelerated thought processes, persevering, loosening of ego bound¬ 
aries, thought insertion, obsessive thoughts and impulses, temporary 
feelings of perplexity and desperation, irritability, aggressiveness 
alternating with depressive moodiness, suicidal thoughts and ideas, 
etc. Psychopharmacological treatment and psychotherapy were able 
to restore productive and work-capable intervals, but relapses 
occurred whenever the treatments were interrupted or discontinued. 
After each treatment, the patient staunchly insisted that he had per¬ 
manently overcome all his former problems and that he would 
certainly never again suffer a relapse. Despite severe problems with 
his family and occupation, he failed to achieve sufficient under¬ 
standing and insight from his experiences. Only in the wake of a 
court order did he finally accept the fact that he was permanently 
unfit to pilot an aircraft. 

Aeromedical literature has devoted very little attention to the 
principal negative symptoms of schizophrenic disorders, which can 
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reappear as residua. This negative symptomatology may include lev¬ 
eling of individualistic personality characteristics, affect reduction, 
diminished motivation to the point of autistic withdrawal, thought 
disorders, marked decrease in the ability to work, slowing of psy¬ 
chomotor activity, and abrupt decline in overall performance. The 
presence of such a constellation of negative symptoms is unlikely to 
trigger a reexamination of an individual's fitness for flight duties. As 
the above-mentioned case studies show, medical examinations are 
far more likely to ensue when individuals display positive psychotic 
paranoid-hallucinatory syndromes. These syndromes may have very 
lengthy symptom-free intervals, and aeromedical examinations per¬ 
formed during such intervals generally reconfirm flight fitness 
because of blank medical histories. This constitutes a very rare but 
nonetheless grave risk to flight safety. 

Psychopathologically conspicuous behaviors, and this also 
applies to the affective disorders ("affective psychoses") that will be 
discussed below, may develop either gradually or with surprising 
rapidity and acuteness. Patients suffering from such disorders with¬ 
draw from consensus reality and everyday life into a psychopatho¬ 
logically determined constellation of problems that they experience 
as unquestionably and absolutely real. Persons who are unaffected 
by such disorders may be unable to comprehend the situation and 
especially its positive symptoms, whereas the affected individuals 
become unable to comprehend the "normal situation." In cases of 
absolute delusional certainty, no amount of rational argumentation 
can dissuade the patients from believing in even the most improba¬ 
bly bizarre delusional systems; contact with objective reality no 
longer exists. Auditory hallucinations, especially commanding 
voices, are experienced as unquestionably real, and the patient is 
likely to obey their commands without regard for the harm this may 
cause to himself or others. The majority of similar disorders, however, 
run their course with far less drama and danger. Though there is no 
reason to exaggerate the potential dangers, neither should the exist¬ 
ing aeromedical risks be minimized. This warning seems worthy of 
mention here because aeromedical professionals, some of whom are 
not sufficiently aware of the national and international flight-fitness 
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guidelines and requirements, repeatedly certify pilots as fit for flight 
duty, despite the fact that the above-mentioned diagnoses have 
already been verified. 

Affective Disorders 

Social and cultural conditions can lead to syndrome changes in the 
sense of an increasing tendency to somatization. This is exemplarily 
illustrated by so-called "masked depression." The tendency toward 
somatization, i.e., the predominance of physical complaints, is not 
an infrequent occurrence among pilots suffering from depressive 
disorders, especially because aviators typically have a special rela¬ 
tionship to their physical and mental well-being. Accurate diagnosis 
is difficult in such cases because patients typically "mask" or under¬ 
play affective symptoms and emphasize physical discomforts when 
they describe their problems. 3 ' 4 ' 6 ' 1011 For this reason, this disorder is 
also known as “depressio sine depressione." The ICD-10 categorizes 
these disorders under F32 ("depressive episode") or F33 ("recurrent 
depressive disorders"), each of which appears together "with 
somatic symptoms." Physical complaints, i.e., "presenting symp¬ 
toms," are in the foreground, where they occupy the patients' atten¬ 
tion — and frequently also the physicians' attention — for too long. 
It behooves a psychiatrist who is active as an AME to speak bluntly 
about this problem. 

As early as 1973, field studies of 1000 physicians practicing in 
Germany, Austria, Switzerland, and France discovered that more than 
10% of their patients suffered from depressive disorders, although 
these patients primarily complained about somatic symptoms. 10 
In one Swiss study, patients of general practitioners and practitioners 
of internal medicine were subsequently subjected to psychiatric 
reevaluation. Approximately 15% of these patients were found to be 
suffering from depressive syndromes that were not initially diagnosed 
as such because somatic complaints had predominated. In individual 
cases, the specific type of somatoform disorder is often biographi¬ 
cally explicable and is frequently related to symptoms the patient 
had already experienced in the past. The most common foci of 
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somatic complaints are: the spinal column (i.e., the body's axial 
organ, which is essential for postural and expressive functions), the 
gastrointestinal tract, the cardiovascular system, and the head. 310 

Other factors contributing to masked depression are the wide¬ 
spread belief that only physical diseases are acceptable and the 
associated fear of the stigmatization a person might encounter if it 
became known that he was suffering from a psychiatric problem. 3-5 
Somatic complaints, however, can only be properly treated after the 
underlying depressive disorder has been recognized and diagnosed. 
This is why the exploratory interview, which can be conducted 
either with or without structured components, constitutes such an 
important part of a psychiatric examination. This conversation, par¬ 
ticularly during the first examination, is often psychotherapeutic and 
therefore requires an appropriate setting, sufficient patience, and 
adequate time. 

Depressive disorders are used in Fig. 2 to serve as exemplary 
psychiatric disorders, illustrating the diagnostic procedure and elim¬ 
inating the need for the presentation of numerous case studies. In the 
course of an interview with a patient, the general practitioner or AME 
seeks to isolate, from a potentially large number of varied symptoms, 
precisely those complaints that can be attributed to the depressive 
syndromes mentioned in the previous example. Syndrome-oriented 
therapy can be initiated if the symptoms are sufficiently severe, espe¬ 
cially if there is reason to believe that the patient is contemplating or 
planning suicide. Phenomenological orientation should be followed 
by etiological clarification. Causal therapeutic treatment should be 
undertaken if the fundamental illness is cerebro-organic (CO) or if 
the brain participates in the underlying disease (SB). Nosological 
classification, which is often quite time-consuming, is not a primary 
therapeutic precondition. The therapy initially targets only the under¬ 
lying depressive symptoms. Antidepressant treatment should pre¬ 
dominate if there is reason to suspect the presence of recurrent 
affective disorders (ICD-10: F33, F31.3 to F31.5), formerly usually 
described as "endogenous." Psychotherapeutic measures, especially 
behavioral and cognitive therapies, are likewise helpful. Patients 
suffering from clearly defined depressive syndromes tend to be 
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Figure 2. The medical/psychiatric examination reveals individual depressive symp¬ 
toms leading to depressive syndromes. These may be characterized by agitation or 
inhibition. Phenomenological orientation should be followed by etiological clarifi¬ 
cation for causal therapy. CO: cerebro-organic; EP: encephalopathy; SB: secondary 
brain involvement; PD: primary diagnosis; Adm: antidepressant medication; 
Pth: psychotherapy. 
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uncommunicative at first, but usually become more communicative 
after psychopharmaceutical therapy begins to take effect. As the 
figure illustrates, this is why psychotherapeutic support gradually 
becomes increasingly important over time. In most cases, both the 
pharmacotherapy and the psychotherapy should be continued for a 
considerable time. 

To select a suitable antidepressant, it is important to determine if 
a depressive syndrome is primarily characterized by agitation or inhi¬ 
bition. Previously widely disseminated schemata for antidepressive 
psychopharmacotherapy have become obsolete, primarily because 
new classes of substances have been synthesized. In every case, a 
finely tuned regimen of psychopharmaceutical therapy should be 
developed and supervised by a competent physician. Anyone, 
including a pilot with many years of professional experience, can 
potentially react to psychosocial stressors by developing a depres¬ 
sion, which may result in suicidal symptoms and require hospitaliza¬ 
tion. The effect of the therapy and the specific category of the 
depressive disorder are both highly relevant for the aeromedical 
assessment. 

Depressive episodes with a tendency to suffer relapses, especially 
when these episodes are associated with psychotic symptoms (e.g., 
delusions of guilt or poverty and accusatory or defamatory voices) 
entail unfitness for all classes of medical certification. This is also the 
case for chronically depressive and moderate-severe mood distur¬ 
bances such as dysthymia (ICD-10: F34.1, "neurotic depression") 
and bipolar affective disorders (ICD-10: F31) with depressive (F31.1, 
F31.4, F31.5) and manic (F31.0, F31.1, F31.2) phases. Monopolar 
progression with manic or hypomanic episodes (without depressive 
episodes, F30) is very rare but particularly relevant in aviation 
medicine. Flypomania and mania differ only in the degree of 
psychopathologically conspicuous behavior. People suffering from 
manic and hypomanic disorders may exhibit, without obvious trig¬ 
gers, unmistakably euphoric moods, feelings of bliss and good for¬ 
tune, enhanced motivation and psychomotor activity, increased 
physical and mental capabilities, heightened sociability, talkativeness 
with loosened associations and logorrhea, clumsy and unsolicited 
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attempts at intimacy, increased libido with disregard for social 
norms, massive overconfidence to the point of megalomania, and 
heightened irritability with aggressive outbreaks. Despite their 
hyperactivity, patients feel scarcely any need for sleep and show 
no symptoms of sleep deprivation. The aforementioned symptoms 
typically lead to severe familial and occupational problems: non¬ 
sensical expenditures are not uncommon; bank directors may act 
irrationally, causing massive losses of money; and otherwise harmless 
citizens may find themselves pursued by the police in high-speed 
car chases. 34 Pilots have been known to ignore their flight plans 
and perform aerobatic flight maneuvers without regard for safety. 
We cite one final case study to round off our survey of affective 
disorders. 

Case 6: At the prompting of the air traffic controller, a 
50-year-old private pilot (PPL-A/PVT) with nearly 2000 hours of flight 
experience was escorted by the police to a psychiatric hospital, 
where he was hospitalized against his will. At the airfield, he had first 
planned to take off with an open canopy. He had then interfered with 
an aircraft taxiing toward its take-off position because he did not 
approve of the pilot's clothes. He ran barefoot back and forth on top 
of the aircraft's wing and obdurately ignored everyone shouting at 
him to come down. Upon admission to the psychiatric hospital, he 
failed to preserve conventional social distance and spoke with loose 
associations. He behaved erratically, first with exhilarated foolishness 
and then threateningly. He was convinced that his admission to the 
psychiatric hospital was being filmed by a hidden camera for subse¬ 
quent broadcast on television as an episode of "Candid Camera." 
Holding a device that resembled a mobile phone, but which was 
later identified as a large cigarette lighter, he pretended to chat with 
important celebrities, alternately identifying himself as a military gen¬ 
eral or the owner of an international business. He repeatedly 
explained that he could simultaneously sing in soprano, tenor, and 
bass voices. He was wholly unaware of his own disorder. Interviews 
with his acquaintances revealed that he had purchased several costly 
automobiles a few days before his admission to the psychiatric clinic, 
that he had spent his money nonsensically, and that he had had 
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behaved in a sexually importunate and uncharacteristic manner 
toward a female acquaintance. Days before, he had flown at altitudes 
between 4000 and 5000 meters (13 100 and 16 400 feet) without 
supplemental oxygen. The AME did not know that this patient had 
suffered a depressive phase at age 30, nor was the physician aware 
that the pilot had been hospitalized for treatment of a hypomanic 
phase at age 37. He did not submit to psychiatric evaluation of his 
flight fitness until after he had contested the revocation of his private 
pilot's licence. He was diagnosed as suffering from "bipolar affective 
disorder, most recently manic episodes with psychotic symptoms, 
currently in remission" (ICD-10: F31.2, F31.7). After successful treat¬ 
ment, his driver's licence was restored, limited to a two-year period. 
Furthermore, he had to regularly submit psychiatric reports, He was 
never recertified as a pilot. 

In this case, we also encounter the problem posed by an "incon¬ 
spicuous" medical history. This example likewise reaffirms that even 
a lengthy symptom-free interval cannot entirely rule out the possibi¬ 
lity of relapses. If a relapse should occur, neither relevant experience 
nor comprehensive medical information (even if it also includes data 
furnished by the patent's personal contacts) can guarantee that the 
patient will be treated in time. Many other cases are known in which 
pilots have undergone comprehensive psychiatric examinations fol¬ 
lowed by certification to fly, despite the fact that they had previously 
suffered recurrent phases of affective disorders. Apparently unaware 
of the guidelines and requirements for aeromedical certification, the 
certifying physicians justified their affirmative decisions by citing 
their patients' good compliance, their own experience with similar 
cases, and the relatively few side effects associated with ingestion of 
well-tolerated prophylactic medications. Fithium or antiepileptics are 
the most commonly prescribed pharmaceuticals in such cases. But 
many patients, pilots included, opt to cease taking their medication 
when they feel better, so there remains a significant tendency to suf¬ 
fer relapses. We would strongly advise against the use of lithium or 
valproate prophylactics by pilots in the cockpit. International 
aeromedical consensus insists on permanent disqualification for flight 
duties in cases involving delusional and many affective disorders, 
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especially manic episodes, bipolar affective disorders, severe depressive 
episodes with or without psychotic symptoms, and recurrent depressive 
disorders (formerly "endogenous" depressions). 

Finally, it should be noted that screening for cocaine, ampheta¬ 
mines, barbiturates, and cannabinols as possible specific causes of 
the pilot's bizarre behavior all yielded negative results. From a phe¬ 
nomenological point of view, psychoses following intoxication with 
psychoactive drugs can exhibit psychopathological symptoms very 
similar to those associated with schizophrenic or affective psychoses 
(see Case 1). 

PERSONALITY DISORDERS AND "NEUROSIS" 

Several disorders are assigned to the largest group (see Fig. 1) under 
the heading of "personality disorders" ("neuroses"). These include: 
depressive reaction (ICD-10: F43.2); anxiety, compulsive, and 
somatoform disorders (ICD-10: F4); and personality and behavioral 
disorders (ICD-10: F6). This categorization seems reasonable from an 
aeromedical perspective: because the differential typology is so diffi¬ 
cult, the specific disorder often cannot be diagnosed with the neces¬ 
sary degree of certainty within the framework of a psychiatric 
examination of flight fitness. 37% of all psychiatric diagnoses fall 
within one of these diagnostic groups. As mentioned above, the ICD-10 
prioritizes an etiologically neutral and phenomenologically oriented 
classificatory system, and therefore, avoids using the noun "neuro¬ 
sis," although it repeatedly uses the adjectival form of the word. The 
concept of "neurosis" will be cited occasionally in the following 
paragraphs because personality disorders and the distinction 
between "psychosis" and "neurosis" remain highly significant 
regarding the differential diagnosis in the aeromedical context. This 
terminology still remains important in JAR-FCL 3. 

Personality Disorders 

Personality disorders primarily appear in adolescence and young 
adulthood. Estimated to affect more than 5% of the population, these 
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disorders are characterized by obvious, long-lasting, and relatively 
unchanging behavioral patterns with deviations from usual social 
norms. If the deviations are sufficiently severe, they can cause 
problems for the affected individuals and for the people in their 
social surroundings. Persons suffering from personality disorders 
exhibit obvious, sustained, and non-episodic exaggerations of 
human character traits. Imbalances predominate in affect, motiva¬ 
tion, impulse control, perception, thought and social relationships; 
reduced occupational and social competence may result from 
behavioral patterns that are inappropriate in many everyday situa¬ 
tions. Therapeutic measures often fail to achieve long-lasting 
success. Unlike the situation in psychotic disorders, continuity of 
perception and contact with reality are maintained. It is sometimes 
difficult to distinguish personality disorders from anxiety, obsessive, 
and somatoform disorders ("neuroses"); lengthy observations of a 
patient's progress may often be required before such distinctions 
can be reliably drawn. 

Anxiety, Obsessive, and Somatoform Disorders 

Although patients suffering from psychiatric disorders classified in 
this group do not lose contact with objective reality, they often find 
it difficult to process their experiences, i.e., their patterns of response 
and behavior are disturbed. The associated subsequent psychopatho- 
logical and somatic symptoms can be variously interpreted: from the 
perspective of learning theory, they can be interpreted as resulting 
from pathological behavioral models; from the point of view of depth 
psychology, they can be understood as expressions of intrapsychic 
conflicts. However, recent research has assigned progressively 
greater importance to the influence of genetically and neurobiologi- 
cally determinable factors in these disorders. Regardless of the 
etiological model, symptoms associated with anxiety and obsessive- 
compulsive disorders can be activated under stressful circumstances 
and against the background of specific biological and/or psychological 
vulnerabilities in which early traumatic experiences can play an 
important role. Social conflicts can likewise cause problems that may 
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overwhelm an individual's problem-solving strategies. Seriously 
insulting and frightening actions by third parties in childhood and 
adolescence may contribute to the formation of pathological beha¬ 
vioral patterns. If the affected person subsequently encounters 
circumstances which he perceives as similar to these early traumata 
(e.g. during interactions with flight instructors or captains), reactiva¬ 
tion can ensue, accompanied by massive tensions that may be diffi¬ 
cult for outsiders to understand. People suffering from such 
problematic constellations are repeatedly subjected to psychiatric 
examinations for evaluation of their fitness. Psychotherapeutic inter¬ 
vention frequently succeeds in solving their problems, thus enabling 
the patients to keep their medical certificate and remain competent 
for flight duties. 

The foreground in psychiatric aviation medicine is occupied by 
anxiety disorders with acute symptom exacerbations, e.g., agorapho¬ 
bia with panic disorder (ICD-10: F40.01), often mixed with depres¬ 
sive disorders. Simple agoraphobias without panic disorder (ICD-10: 
F40.00), claustrophobia, animal phobias, and social phobias play 
almost no role in aviation medicine. Fear of flying as an isolated pho¬ 
bia (ICD-10: F40.2) is not unknown among airborne personnel; flight 
attendants are its most common sufferers, although it also occasion¬ 
ally afflicts captains and first officers. Anxiety disorders are seldom a 
problem for anxious recreational aviators because these pilots tend 
either to avoid anxiety-provoking situations or to fly together with 
experienced pilots. 

Case 7: An airline pilot with more than 4500 hours of flight expe¬ 
rience and in line for promotion from first officer to captain was neu- 
rologically treated and psychologically tested on three occasions 
following an accident. As pilot flying (PF) of a B767 with 162 pas¬ 
sengers aboard, he encountered poor visibility shortly after takeoff, 
collided with a radio tower, and was compelled to prepare for an 
emergency landing. After an emergency fuel dump, a safe emergency 
landing with no injuries to passengers or crew members ensued, 
thanks to good cooperation in the cockpit and the correct perform¬ 
ance of all checklist procedures. During investigations into the acci¬ 
dent, the behavior of an authority figure triggered an underlying 
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authority conflict that exacerbated the pilot's reaction to stress and 
resulted in temporary free-floating anxieties in the form of panic 
attacks. Compulsive thoughts and impulsivity appeared briefly, also 
in the pilot's familial environment, but were well compensated. 
A flight phobia became progressively more problematic. The inten¬ 
sity of his anticipatory fears increased in direct proportion to the 
imminence of upcoming flight duty. Driving to work, he experienced 
cardiac palpitations, trepidation, trembling, and perspiration. In the 
cockpit, especially during nighttime transatlantic flights, he became 
increasingly prone to attacks of extreme trepidation and anxiety, 
accompanied by severe tachycardia, perspiration, problems with 
concentration, sensations of dizziness and globus, the fear of making 
major errors, the urge to leave his seat and "run away," worsening to 
experiences of derealization. These symptoms quickly dissipated 
after each flight, thus confirming the suspicion of a situation-related 
phobia with panic attacks. The first psychiatric referral resulted in 
disqualification for Class I according to JAR-FCL-3 and for Classes I 
and II according to FAA criteria, but his PPL was not revoked. The 
recommended inpatient behavioral therapy was discontinued 
because it focused on the agoraphobic problems in general rather 
than on this pilot's specific symptomatology. FHowever, this encounter 
with behavioral therapy was sufficiently intensive to enable him to 
teach himself how to use its techniques, including systematic desen¬ 
sitization and flooding. This, in turn, gradually led to a reduction in 
the severity of his phobia. FHe initially copiloted and later piloted 
private aircraft, also on nighttime and international flights, and he 
again flew aerobatics. Eager for permission to improve his flying on 
a freelance basis, he applied for a CPL/IFR rating and received a 
favorable decision from his AME. After two subsequent years of 
flight experience had elapsed without complications (including 
problem-free long-haul flights to Africa and over the Atlantic), his 
AME recommended certification for ATPL. Following this, he 
re-attained his prior skill level, fully overcoming a disturbance that 
had been diagnosed as "panic disorder, isolated flight phobia" 
(ICD-10: F41.0, F40.2), and resumed his airline position with much 
contentment and success. 
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Similar successes were achieved in several other cases through 
the combination of initial inpatient treatment and subsequent out¬ 
patient therapy, along with intermittent support from medication. 
One such case involved a private pilot who developed aviophobia 
after witnessing a friend's fatal aircraft accident. Patients in other 
cases experienced adequate relief by refraining from flight duties 
(thus avoiding the specific stressors); they were therefore unable to 
develop sufficiently strong motivation to begin the relevant and 
sometimes stressful therapeutic regimen, and were consequently 
obliged to abandon their airborne duties. 

Some first officers with many years of flight experience who 
switch to the left seat with the full responsibilities of a captain may 
develop serious constellations of problems associated with anxiety 
disorders, sometimes mixed with equally serious depressive symp¬ 
toms (ICD-10: F41.2). Having switched from the right to the left seat, 
they may find themselves overwhelmed by the responsibilities of 
being a captain. Biographically explicable references can often be 
identified. Anxiety-sensitive primary personality characteristics (ICD- 
10: F60.8) are not infrequent in individuals who make contraphobic 
career choices. But career-related compensation can destabilize if 
corresponding professional responsibilities are perceived as over¬ 
whelming. Psychotherapy may have varying degrees of success, 
especially when somatic and conversion syndromes are present. In 
one case, a slight ankle injury was followed by therapy-resistant, neu- 
rologically and orthopedically inexplicable "paresis" ("nothing pro¬ 
gresses anymore"). In another case, a mild concussion was followed 
by severe therapy-resistant headaches combined with deficiencies of 
concentration — doubtlessly the manifestations of an underlying 
anxiety disorder. 

Possible diagnoses of the following case not only include panic 
disorder (F41.0) and aviophobia (F40.2), but perhaps also post-trau¬ 
matic stress disorder (ICD-10: F43.1). 

Case 8: A flight attendant suffered bruises and abrasions 
during severe turbulence. When she was checking out, the purser 
explained that their aircraft had entered the exhaust air stream of a 
"Galaxy" and that this could have created an extremely dangerous 
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situation. Shortly thereafter, she heard the news about the crash of a 
neighboring country's airliner and the fate of its flight attendants. She 
subsequently developed increasingly severe aviophobic symptoms, 
for which she could compensate only with tremendous effort. 
Deplaning was delayed after landing at an Asian airport due to a 
shooting incident during which the airport manager was killed. She 
developed panic symptoms for the first time at her hotel during the 
ensuing curfew. Sometime later, after seeing a sunken B747 while 
landing in Hong Kong, she was just able to cope with the homeward 
flight, but never boarded an aircraft again. She experienced panicky 
anxiety with accompanying vegetative symptoms, especially tachy¬ 
cardia and perspiration, a feeling of pressure in the stomach, temporary 
disorientation, difficulty falling asleep due to the fear of nightmares, 
interrupted intervals of sleep, and symptoms of fatigue-induced 
depression. Despite therapy, she was unable to regain fitness for 
flight duties. 

A delayed but diagnostically unmistakable reaction in the sense 
of a post-traumatic stress disorder (ICD-10: F43.1) was confirmed 
in one of two passengers who survived the crash of a Thai airliner. 
Reporters were so eager to interview the two survivors that the pair 
and others needed police protection during their emergency treat¬ 
ment at a hospital where they were taken after the crash. The sur¬ 
vivors, as well as other patients who could scarcely walk under 
their own power, were lured to the telephone by reporters purpor¬ 
ting to be their close relatives. The joy of having survived predom¬ 
inated initially, and the patients' misgivings were further allayed by 
the speedy healing of their physical injuries, but one of the sur¬ 
vivors gradually began suffering from nightmares, later began to 
relive the traumatic crash in daytime flashbacks, and ultimately 
exhibited partial autistic withdrawal alternating with acute anxiety, 
aggressiveness, feelings of guilt, and a fundamentally depressive 
mood. Anhedonia, bleakness of outlook, and suicidal ideation 
increased after refusal to accept medication and after initial refusal 
to undergo psychotherapeutic treatment. This survivor experienced 
the hospital ward and its staff as continual reminders of the trauma. 
Improvement did not ensue until after the patient was transferred 
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to another institution, where problem-focused psychotherapy was 
provided. 

Subtypes of Behavioral and Personality Disorders 

Now that we have described anxiety disorders and stress disorders, 
we turn our attention to personality disorders, which are generally 
regarded as resistant to therapeutic influence. Because symptoms of 
personality disorders are not easily distinguished from behavioral 
patterns associated with other psychiatric disturbances, the diagnosis 
of a personality disorder is difficult and is frequently possible only 
after repeated examinations and lengthy observation. Personality can 
be empirically defined as the sum of all behaviorally relevant attrib¬ 
utes that combine to endow a person with his or her characteristic 
and unmistakable individuality. 3 ' 4 Personality encompasses the entire 
spectrum of human behavior. 

Personality disorders comprise a diagnostic group that is by 
no means as clearly describable as, for example, acute paranoid- 
hallucinatory schizophrenia. It is sometimes impossible to distin¬ 
guish between a personality disorder, on the one hand, and behavior 
that is still "normal" and socially acceptable, on the other hand. The 
many-faceted diversity of personality structures is nearly impossible to 
categorize exhaustively. The widely accepted subtypes described in 
the ICD-10 are oriented toward specific and clearly defined forms, but 
these individual aspects may appear in diverse combinations. They 
become particularly obvious when they manifest as disturbances in 
interpersonal communication and interaction, e.g., in an aircraft's 
cockpit. Such disorders usually involve extreme variants of certain 
personality traits (e.g., mistrustfulness, lack of self-confidence, domi¬ 
neering behavior, and exaggerated precision to the point of perfec¬ 
tionism) or deviations of persistent character traits and the resultant 
behaviors. Personality disorders are only to a small degree susceptible 
to therapeutic influence: in most cases, the disorder itself interferes 
with the patient's ability to make lasting behavioral changes. 

Indicatory criteria include obviously imbalanced attitudes and 
behavior in various functional domains such as motivation, affect, 
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impulse control, perception, thought, self-criticism, and relationships 
with others. Standardized personality tests and structured interviews 
are useful diagnostic tools. Diagnostic criteria require that the abnor¬ 
mal behavioral patterns have developed in adolescence or young 
adulthood and have led to long-lasting reductions in occupational 
and social capabilities as well as subjective suffering, and/or have 
had severe negative impacts on the patient's surroundings. 1 ' 2 

In the practice of aviation psychiatry, one encounters primarily 
schizoid, histrionic, obsessive-compulsive and paranoid personali¬ 
ties, and/or combinations of these subtypes. Borderline disorders 
occur in individual cases among members of cabin crews and/or 
applicants for crew positions. A greater number of options for avoid¬ 
ance and compensation, higher tolerance limits, and flexibility to 
reduce problems exist in the PPL realm. The experience of AMEs 
confirms that recreational pilots can compensate fairly well for 
many personality disorders. The risk of escalation is greater in the 
professional pilots' milieu with its predetermined schedules, obliga¬ 
tory teamwork, and frequent changes of personnel in both cockpit 
and cabin. 

Case 9: In compliance with a court order, an aeromedical exam¬ 
ination was undertaken of an air traffic controller who repeatedly 
deviated from predefined regulations and whose reduced ability 
to cooperate expressed itself through his failure to convey important 
information. Despite numerous warnings, and although he was 
thoroughly familiar with the regulations, the controller repeatedly 
erred in the guidance of aircraft and persisted in his arbitrary and 
idiosyncratic interpretations of the regulations. His case history 
described him as self-willed, eccentric with disturbed social behav¬ 
ior, mistrustful, and clumsily invasive to other people's personal 
space on several occasions. Inpatient therapy was discontinued 
because he failed to comply with the house rules. He insisted that 
well-founded criticisms of his behavior, which jeopardized flight 
safety, were exaggerated. Afterwards he believed himself to be 
unjustly under observation and a victim of "mobbing." A preliminary 
psychological examination characterized him as having paranoid, his¬ 
trionic, and compulsive personality traits, as tending to overcompensate 
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through a high degree of egocentricity, and as exhibiting exaggera¬ 
tedly elevated self-assurance combined with latent aggressiveness 
and weak social contacts. Distortions of reality resulted from the 
paranoid orientation of his personality. He felt that nearly everything 
was directed solely against him; he became increasingly more idio¬ 
syncratic, argumentative, and undiscerning; and he found fault 
exclusively with others, never with himself. Unable to change his 
behavior and thus posing a risk to flight safety, he was assessed as 
mentally unfit for further air traffic control duties. 

Abrogated self-criticism combined with exaggeratedly lofty self¬ 
esteem, extreme readiness to take offense at perceived insults, quar¬ 
relsome mistrustfulness, a tendency to misinterpret well-warranted 
criticism as evidence of deliberate hostility toward him, and situation- 
ally inappropriate insistence on the correctness of his own behavior 
combined to substantiate the diagnosis of a paranoid personality dis¬ 
order (ICD-10: F60.0). Though aircraft captains' personality disorders 
frequently elude full detection by aptitude and practical tests, such 
disturbances repeatedly lead them to strongly criticize and reject the 
Crew Coordination Concept and Crew Resource Management 
(CCC/CRM — cf. "Operational and Clinical Aviation Psychology"). 
Such guidelines, the affected captains insist, are important and appli¬ 
cable only to others. 

Case 10: An experienced, strongly self-assertive and highly intel¬ 
ligent airline captain had flown reliably and competently for many 
years. However, he repeatedly became involved in severe disruptions 
of collaboration in the cockpit. These disturbances became so mas¬ 
sive that many FOs refused to fly with him. He was characterized as 
being stonily rigid, pedantic, exaggeratedly self-righteous, and emo¬ 
tionally unstable. His colleagues described him as lecturing, pontifi¬ 
cating and cross-examining everyone, whereas he himself defended 
his behavior as "only intended to help the airline train the finest 
pilots." He combined offensive and demeaning behavior toward his 
FOs with an exaggerated tendency to feel that others had deliberately 
insulted him. He could be very meticulous and could become irri¬ 
tated about incidental matters, while simultaneously neglecting situ¬ 
ational ly important items such as checklists. He would justify his 
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overlooking of items on the checklist by claiming to be "behind 
schedule" but he was adamantly unwilling to forgive FOs for what he 
perceived as errors, regardless of how slight or insignificant these 
mistakes actually were. An argument over an inconsequential 
bagatelle escalated toward the conclusion of a flight; the captain as 
pilot flying landed the aircraft with a forceful impact and subse¬ 
quently blamed the FO for the hard landing. After check-out, the cap¬ 
tain was jovial, conciliatory, and willing to compromise, but the 
slightest criticism triggered a return to his ingrained and undiscern¬ 
ing behavioral patterns. FHe usually did the FOs' preflight work him¬ 
self, often beginning these tasks before the commencement of official 
duty time, because he insisted that "you people cannot be trusted." 
During one of his own preparations, he overlooked a NOTAM, 
under-calculated the amount of fuel, and later landed "below mini¬ 
mum." Line checks had never discovered noteworthy or conspicuous 
problems. His impaired ability to maintain social contacts also led 
to various private problems, including divorce from his wife. 
Massive abuse of alcohol ensued in a misguided attempt to solve the 
problems or seek relief from them, followed by an alcohol-related 
automobile accident with property damage — and revocation of his 
licence. FHe then immediately and permanently ceased his abuse of 
alcohol and also successfully gave up smoking. FHowever, his inter¬ 
personal behavior remained unchanged because he failed to recog¬ 
nize and deal with its underlying causes. The psychiatric diagnosis 
infers the existence of a combined personality disorder with his¬ 
trionic and obsessive traits, a tendency toward sensitive-paranoid 
reactions in stressful situations (ICD-10: F61.0), and abuse of alco¬ 
hol. FHe was assessed as permanently unfit for all classes of medical 
certification. 

This example illustrates a typical situation for an individual with an 
obvious personality disorder who suffers increasingly severe problems 
in his private and professional life, yet finds it nearly impossible to make 
the necessary profound and permanent behavioral changes. The 
patient's traumatic experience, which also led to alcohol abuse, is par¬ 
ticularly obvious in this case. In other cases, the patient may be unaware 
of the emotional toll he inflicts upon the people in his surroundings. 
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Interdisciplinary comorbidities are often difficult to determine when 
they interact with personality disorders. 

Case 11 : A PPL-holder with over 2000 hours of flight experience 
hired a lawyer to assist him in waging many years of "paper-warfare," 
whereby the question repeatedly arose whether the dispute gen¬ 
uinely involved medical certification or was in fact merely a self-per¬ 
petuating case of self-righteous cantankerousness. The problems 
began after an aeromedical examiner had disqualified the pilot. 

A psychiatric examination was carried out in response to a court 
order after the pilot had undertaken copious correspondence with 
the responsible authorities and the aeromedical certification com¬ 
mittee. He had active parenchymal liver disease and immune defi¬ 
ciency in the wake of hepatitis A and B. Though his gamma-GT levels 
were chronically slightly elevated, he had nonetheless repeatedly 
been recertified as fit for flight duty. A new aeromedical examiner 
palpated the pilot's abdomen and subsequently ordered a sonogram, 
which confirmed the suspicion of an enlarged fatty liver (steatosis 
hepatis). The patient's gamma-GT levels were now significantly 
higher than the values measured after his hepatitis. Alcohol abuse 
was diagnosed for the first time and his medical certificate was 
revoked. He agreed to undergo examination as an inpatient, but 
failed to appear for his appointment. After having consumed inordi¬ 
nately large amounts of alcohol, he repeatedly became involved in 
conflicts at work and frequently failed to appear for scheduled shifts. 
Medical history revealed that alcoholism had been the cause for 
the revocation of his driver's licence on one occasion in the past. He 
refused to accept the aeromedical committee's revocation of his med¬ 
ical certificate and responded to the decision by leveling groundless 
accusations at the committee's members. This was followed by a 
series of seemingly histrionic scenarios, during which he attempted 
to pit one AME against another by presenting them "modified" medi¬ 
cal histories. Some AMEs argued for temporary disqualification from 
flight duty because the patient's gamma-GT levels were between 
161 and 314 i.u./L. (The upper normal level is 40 i.u./L.) His MCV 
values were marginally acceptable and only occasionally elevated. 
12 separate tests conducted during intervals of abstinence from alcohol 
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measured gamma-CT levels between 35 and 54 i.u./L, i.e., values that 
could be interpreted as indicative of a post-hepatitis condition. He 
underwent eight aeromedical examinations in rapid succession, each 
time presenting incomplete medical histories and exhibiting only 
slightly elevated gamma-CT levels, so that he could quickly collect 
eight positive aeromedical examinations, which he then presented to 
the authorities as the reports of "thorough medical examinations". 
He dismissed the results of other aeromedical examinations as "arbi¬ 
trary and medically unprofessional procedures and erroneous con¬ 
clusions based on ungrounded assumptions." He responded to a 
complaint by his supervisors with a counter-complaint and accused 
some of his physicians of personal misconduct and professional 
incompetence. His reputation, honor, and human dignity had been 
insulted by what he characterized as "a shocking falsification of the 
facts." Of his own accord, he arranged to have the head physician of 
an internal medicine department prepare a report recommending 
that he be declared fit for flight duty. The court based its rejection of 
his application on a previous examination by the aeromedical certi¬ 
fication committee; after many delaying tactics, he grudgingly 
accepted this decision. He agreed to an appointment for another 
examination, but again failed to appear for the examination and 
likewise ignored the court's decision, obtaining instead, on the same 
day, another aeromedical evaluation confirming his flight fitness. 
A review of the records indicates that another negative medical 
examination was subsequently submitted, which the recalcitrant 
pilot reinterpreted and repeatedly criticized. At the ensuing court 
hearing, he no longer made the impression of being alcohol depend¬ 
ent, but seemed instead to be suffering from an extreme lack of self- 
criticism. He was cantankerous, blameful of others, and exhibited a 
distinct propensity to take offense and feel insulted, while simultane¬ 
ously rebuking others with strongly derogatory language, which he 
subjectively regarded as "factually correct and fully justified." His 
histrionic declamations even strayed into the realm of pseudo-logic, 
i.e. his disorder caused him to misrepresent facts. His self-centeredness 
and lack of consideration for the opinions of others, his histrionic 
dramatizations, clearly exaggerated propensity to take offense at the 
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slightest perceived insult, and ongoing manipulative behaviors to 
satisfy his own needs are all indicative of a histrionic personality 
disorder (ICD-10: F60.4), although other symptoms, e.g., paranoid 
accusations, could also be indicative of other disorders. 


DISORDERS CAUSED BY PSYCHOTROPIC SUBSTANCES 

The ICD-10 assigns disorders caused by psychotropic substances to 
the main groups FI 0 through FI 9. Decimal positions are used to cod¬ 
ify the clinically observable phenomena of physical damage and psy- 
chopathologic disorders, epileptic episodes or delirium, as well as 
the estimation of the severity of the impairment. The ICD-10 thus dif¬ 
ferentiates between harmful use (abuse) and dependency (addiction). 
Dependency can be psychological and/or physical: psychological 
dependency is defined as an irresistible and overwhelming urge to 
ingest a particular substance, whereas physical addiction is charac¬ 
terized by the development of tolerance, i.e., the need for progres¬ 
sively stronger doses of the substance and the appearance of 
withdrawal symptoms when regular consumption is interrupted. Use 
and abuse of psychoactive substances is of particular importance 
within the aviation workplace. In Annex 1 — Personnel Licensing , 
ICAO uses the term 'problematic use of substances' and gives the 
following aeromedical definitions: 

Problematic use of substances. The use of one or more psychoactive 
substances by aviation personnel in a way that: 

a) constitutes a direct hazard to the user or endangers the lives, 
health or welfare of others; and/or 

b) causes or worsens an occupational, social, mental or physical 
problem or disorder. 

Psychoactive substances. Alcohol, opioids, cannabinoids, seda¬ 
tives and hypnotics, cocaine, other psychostimulants, hallucino¬ 
gens, and volatile solvents, whereas coffee and tobacco are 
excluded. 
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Guidance on suitable methods of identification of individuals who 
use psychoactive substances (which may include biochemical test¬ 
ing on such occasions as pre-employment, upon reasonable suspi¬ 
cion, after accidents/incidents, at intervals, and at random) and on 
other prevention topics is contained in the Manual on Prevention of 
Problematic Use of Substances in the Aviation Workplace (ICAO 
Doc 9654). 

Readers interested in the problem of polytoxicomania are 
referred to Case No. 1. The combination of tranquilizers and alcohol 
is a principal cause of acute problems. 

Benzodiazepines 

The benzodiazepines deserve primary attention in the context of the 
misuse of pharmaceuticals, especially because physicians often pre¬ 
scribe these medications to members of cabin crews and to recre¬ 
ational pilots without the knowledge of the AMEs. Aeromedical 
examiners seem to be sufficiently familiar with the importance of not 
underestimating the potential for dependency, usually in cases of 
low-dosage misuse. Problems can arise in individual cases if patients 
consult various specialists, each of whom prescribes his own regimen 
of medication. Even if individual dosages remain unchanged, accu¬ 
mulation of active metabolites with long half-lives may lead to unin¬ 
tended pharmacological effects. 

Figure 3 demonstrates this by showing several examples and list¬ 
ing the duration of various half-lives. A medication's half-life may be 
longer for a person of more advanced age. Especially when exami¬ 
ning members of cabin crews assigned to long-haul flights, AMEs 
should specifically inquire about the use and possible abuse of 
tranquilizers. 

Case 12: In good weather conditions and with clear visibility, 
an experienced private pilot landed a Cessna in a field near the airport. 
The fully fueled aircraft sustained no substantial damage during the 
landing and a technical inspection revealed no mechanical problems. 
The pilot had amnesia lasting several hours. The reconstruction of his 
medical history revealed that he had been taking benzodiazepines, 
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Metabolism and Half-Life Period (Hours) 



Figure 3. Benzodiazepine-tranquilizer with the risk of accumulation of pharma¬ 
ceutical effects via metabolization of active metabolites. Some of these metabolites 
are individually prescribable benzodiazepines with long half-lives. Thus the same 
dosage may mask accumulative pharmaceutical effects (low dose dependency). The 
numbers represent half-lives in hours. 


which have been known to trigger episodes of amnesia. No other 
plausible explanation for the emergency landing was found during 
two comprehensive inpatient examinations. 

Nicotine 

Legal drugs are particularly significant in the aeromedical context. 
Some nicotine addicts exhibit grossly aggressive behavioral abnor¬ 
malities, especially on long-haul flights and when under the influence 
of alcohol. This problem has even prompted discussions about the 
potential merits of loosening restrictions against onboard smoking, 
but nonsmoking passengers and crew members should not be 
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exposed to the risks of passive smoking merely to satisfy the cravings 
of people who are dependent on nicotine. The risks of secondhand 
smoke have been drastically underestimated for too long. Despite the 
available information about the health-related consequences of 
smoking, some young pilots (like their older colleagues) have been 
lured into using tobacco, thus suggesting that the potentials for smo¬ 
king and dependency, as well as the harm tobacco causes to the 
health of those who smoke it, have been trivialized and denied. 

Alcohol 

Alcohol remains the principal problem, as is clearly shown in the 
19%-bar in Fig. 1. Western societies embody a so-called "permis¬ 
sive culture" with regard to alcohol, but social tolerance for alco¬ 
hol users decreases rapidly when its abuse causes severe 
health-related, private, or occupational problems. No clearly 
defined boundaries separate traditional enjoyment, harmful use, 
and dependency (addiction). Patterns and amounts of drinking are 
individual and highly variable. All social groups are affected. 
Factory workers are more likely to drink beer, whereas business 
executives may opt for champagne or cognac, but regardless of 
which type of inebriating beverage is consumed, the fact remains 
that alcohol is a dependency-inducing psychotropic substance. The 
volume of alcohol consumed by the populace has stabilized at 
a high level in Europe and USA. This correlates with high rates of 
alcohol-related morbidity and mortality. Among other reasons, the 
significantly reduced life expectancy of the average alcoholic 
is due to the fact that the suicide rate among people who are 
dependent upon alcohol can be as much as 20 times higher than 
the corresponding rate among the general public. Particularly tragic 
is the massive increase in alcohol-induced embryopathy as the 
most common cause of fetal damage. 3 412 

It would exceed the scope of this paper to provide an extensive 
discussion about alcoholism. Such a discussion would necessarily 
include the many-faceted causes of the substance's harmful use, 
dependency upon it, the various phases of the illness, and their fluent 
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transitions. Comprehensive information about this topic is available 
in numerous textbooks and specialized literature. The medical provi¬ 
sions of ICAO stipulate that a mental or behavioral disorder due to 
use of psychoactive substances, including dependence syndrome 
induced by alcohol, entails unfitness for all classes of medical certi¬ 
fication. The aeromedical examiner must investigate "if indicated," 
i.e., if he suspects the possibility of alcoholism. In our opinion, such 
suspicion renders him duty-bound to pursue further investigation. 
Regardless of their fields of specialization, all physicians should 
devote greater attention to alcoholism, and not solely as it relates to 
examinations of fitness for driving and flying. The widespread occu¬ 
pational and socio-medical consequences are more than obvious. 
Alcoholism ranks among the most frequent psychiatric causes of 
early retirement. More than 5% of all employed persons in the 
Western industrialized nations are estimated to be dependent on 
alcohol. The percentage of alcohol-dependent commercial and 
private pilots is believed to be substantially lower, but alcohol's haz¬ 
ards are uniquely grave for members of these occupational groups. 
Alcohol is a frequent cause of illness-related occupational absen¬ 
teeism, as well as workplace and traffic accidents, some of which 
result in death. 

The consequences of drinking even relatively small amounts of 
alcohol are often underestimated. 13 Experiments in driving and flying 
simulators have repeatedly shown that a blood alcohol concentration 
of as little as 0.3 g/L can cause drivers and pilots to misestimate 
distances and velocities, react more slowly, and be more likely to 
attempt risky maneuvers. Flight-simulator studies have shown that 
experienced airline pilots, flying familiar routes but with concentra¬ 
tions of 0.3 and 0.5 g/L alcohol in their bloodstreams, repeatedly 
deviate from their flight path and make other errors, some of which 
can be quite dangerous. This is an important fact that proves it is fool¬ 
hardy to ignore even assumedly negligible amounts of residual alcohol, 
e.g., from drinks consumed the night before a takeoff. 

Newspaper reports have time after time announced that airlines 
have suspended pilots because of alcohol problems. The media regu¬ 
larly reports about aviation accidents caused by alcohol-impaired 
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pilots. Some of these mishaps are due to gross negligence at take-off, 
e.g., departure without preflight checks. In most reports, the journa¬ 
lists do not indicate whether the alcohol-related accident was the 
consequence of isolated misuse or chronic dependency (alcoholism). 
Thorough examinations are usually needed to distinguish between 
the two. An aeromedical examiner should therefore always bear in 
mind the possibility of alcohol abuse whenever he encounters a case 
of peculiar and atypical behavior in a pilot. 

Case 13: A 42-year-old commercial pilot with over 6000 hours 
of flight experience, predominantly on short-haul and medium-haul 
turboprop cargo flights, experienced recurrent low back pains and 
lumbosciatic pain for many years. He suffered an acute and 
dramatic worsening of his condition, combined with the sudden 
appearance of a left-sided paresis of the quadriceps muscle, but ther¬ 
apy was delayed due to continued flight duties. Emergency surgical 
repair of a herniated disc (L3/L4) and subsequent lengthy rehabilita¬ 
tion resulted in near total regression of the paresis. Acute lumbosci¬ 
atic pain recurred two years later, this time with progressively severe 
left-sided foot drop. A regularly scheduled aeromedical examination 
discovered that the pilot habitually adopted a pain-relieving posture 
and that he had developed lumbar paravertebral muscle hardening 
and near paralysis of the dorsal flexors of the foot and toes. The AME 
referred the patient to a neurologist, who immediately referred him 
to a neurosurgical department, where emergency surgery was per¬ 
formed on his spinal disc at the level of L4/L5. Despite intensive 
rehabilitation measures, no significant regression of the paresis 
occurred. The permanent insertion of a peroneal splint seemed 
unavoidable, but the pilot could still have retained his medical certifi¬ 
cate pursuant to issuance of a special waiver. A subsequent medical 
examination, however, discovered conspicuous facial telangectasia 
("spider veins"), untreated dental problems, and a blood-alcohol 
concentration of 0.3 g/L. Further information revealed that the 
patient's driver's licence had been revoked once in the past when 
he was found to have more than 1 g/L alcohol in his bloodstream 
while driving to an airport to check-in for a night flight. That same 
evening, before driving to the airport, he had consumed three bottles 
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of beer and had taken diclofenac. The seriousness of the patient's 
drinking problem was further confirmed by the Munich alcoholism 
test (MALT 4, 12) and by spinal ataxia due to polyneuropathy (falling 
when the eyes are closed). As is typical among people suffering from 
alcohol-related problems, he rationalized and denied the severity of 
his alcohol consumption. An AME should surely investigate further 
whenever a patient fails to learn from prior experience and persists 
in his behavior despite repeated warnings from physicians. Self- 
inflicted injuries, sometimes to the point of protracted suicide, are 
typical among people who abuse alcohol or are alcohol dependent. 
The authors refer the reader to the extensive literature about alcohol- 
associated organ damage, e.g., injury to the liver, pancreas, gastroin¬ 
testinal tract, immune system, endocrine system, cardiovascular 
system, musculature, and peripheral and central nervous systems. 10 
Studies repeatedly confirm that patients suffering from alcohol-induced 
damage comprise circa 15% of the patients treated in internal medi¬ 
cine wards. In some cases, the affected organs are repeatedly treated, 
but the underlying problem either eludes recognition or is identified 
too late. 

Regardless of the cultural milieu, alcohol abuse and depend¬ 
ency lead to relatively typical behavioral patterns, especially the 
creation of fagades. Reduced capacity for self-criticism and pro¬ 
jection of problems outward onto elements in the patient's envi¬ 
ronment are symptomatic of brain damage resulting from chronic 
intoxication. Such behaviors rarely involve mere lying in the con¬ 
ventional sense of the word, but are in fact genuine psychopatho- 
logical symptoms. It is surprising, but nonetheless true, that even 
the closest friends and associates of a secretive drinker often fail to 
recognize the severity of his substance abuse, despite fluctuations 
and declines in the alcoholic's performance and despite his 
increasingly severe private and occupational deficiencies. The 
patient's fagade of rationalization and denial is often so "successful" 
that even his physician may fail to see through it, despite 
obvious evidence of physical and psychological dependency. 
Failure to detect an alcohol problem is likely when obvious clues 
are overlooked. 
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Alcohol dependent patients in the so-called "tolerance phase" 
may remain astonishingly capable of appropriate action and reaction 
despite high levels of alcohol in their bloodstream. This paradoxical 
juxtaposition of seemingly unimpaired performance and a high level 
of alcohol in the blood is symptomatic of chronic alcoholism. As the 
following case study illustrates, this combination occurs when the 
enzymatic breakdown of alcohol via alcohol dehydrogenase is aug¬ 
mented by activation of the microsomal ethanol oxidizing system 
(MEOS), leading to a temporary "tolerance" for large volumes of 
alcoholic beverages. 

Case 14: An AME discovered on several occasions that a glider 
pilot had steatosis (i.e., a fatty liver) and an elevated gamma-CT 
with levels between 95 and 385 i.u./L, although average corpuscu¬ 
lar erythrocyte volumes (MCV) were only minimally elevated. The 
patient deliberately kept his physician uninformed about three 
previous grand-mal seizures, one of which occurred at the airport, 
and during which he had bitten his tongue, experienced urinary 
incontinence, exhibited tonic-clonic activity, lost consciousness for 
several minutes, and afterwards only gradually recovered his orien¬ 
tation. Despite inconspicuous levels of glucose in the patient's 
bloodstream, the AME noted a short-lived "hypoglycemic shock" 
on the examination form. Due to the suspicion of syncope and 
absolute arrhythmia resulting from atrial fibrillation, the pilot was 
admitted as an inpatient to an internal-medical ward for further 
examination. 

Because atrial fibrillation with normal sinus node function can¬ 
not trigger a syncope, a consultant neurologist diagnosed alcoholism 
with alcohol-withdrawal seizures of grand-mal type. The senior 
physician, himself a private pilot, explained to the patient the conse¬ 
quences this diagnosis would have for his driver's and pilot's licences. 
Upon hearing this news, he left the hospital against the advice of his 
physicians. The next day, he caused a car accident while driving 
under the influence of alcohol. His blood-alcohol level was meas¬ 
ured at 3.14 g/L immediately after the accident. Despite this high 
level of alcohol in his bloodstream, police found him capable of 
walking and answering questions with only mildly slurred speech. 
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His ability to function with near normality despite the high level of 
alcohol in his blood is clearly symptomatic of alcoholism in the 
"tolerance" phase. As only an insufficient ambulant treatment regimen 
had been undertaken, the following aeromedical examination 
ultimately disqualified him from further flying. 

As the preceding case study shows, even experienced psychia¬ 
trists occasionally fail to diagnose longstanding alcohol abuse with 
clear dependency. Please note the "liver gap" in Fig. 1 (the aeromed¬ 
ical homunculus) in the neurology chapter. Pilots with drinking prob¬ 
lems may deliberately keep their AME uninformed about grave 
incidents, e.g., grand-mal seizures. The relevant literature amply 
describes the difficulties of recognizing alcohol abuse and dependency. 
Bearing this in mind, it is particularly important for an aeromedical 
examiner to be alert for symptoms such as steatosis and elevated 
gamma-GT, and MCV. The reader is explicitly reminded of the signif¬ 
icance of liver tests and in-flight grand-mal seizures in the overall 
context of a general aeromedical examination (see Case 4 in the 
chapter on neurology). 

Not every instance of elevated gamma-GT is necessarily caused 
by chronic alcohol intoxication. However, if hepatobiliary and other 
potential causes can be ruled out, then high levels of gamma-GT 
strengthen the suspicion of alcoholism and obligate the physician to 
investigate in greater depth. Gamma-GT is a sensitive but relatively 
nonspecific marker. Elevated levels can ensue after an isolated bout 
of abnormally heavy drinking, but they may also be associated with 
a chronic alcohol-related problem. The MCV is a slowly reacting 
parameter, but elevation of MCV together with an elevated gamma- 
GT level is not uncommonly symptomatic of chronic and harmful 
misuse of alcohol. In this case, the physician should check whether 
the patient's normal levels of gamma-GT are likewise elevated. 
Teetotalers and people who drink little alcohol have considerably 
lower levels. Even regular consumption of low volumes of alcohol 
can have deleterious consequences. 13 The CDT (carbohydrate- 
deficient transferrin) level is a highly specific but less sensitive 
parameter, which, in our opinion, is utilized far too infrequently in 
aeromedical contexts. 
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The Exceptional Position of Dependency 
and the Therapeutic Goal 

The human organism has three interactive systems for regulation and 
coordination: the neural, the endocrine (or neuro-endocrine), and 
the immune system. These systems are particularly susceptible to 
damage by toxins, which may lead to the problems and disorders 
described above. As is also the case in some other psychiatric disor¬ 
ders (e.g., psychoses), one characteristic of substance dependency is 
that the potential for corrective self-motivation becomes increasingly 
limited and is ultimately lost altogether as the dependency pro¬ 
gresses. The dependency comes to dominate the entire personality, 
successfully asserting itself against all social bonds, long-range life 
goals, and financial common-sense. The path toward renewed com¬ 
petence in the activities of daily life cannot be trodden without 
insight into the disease process, motivation to undergo therapy, and 
willingness to accept professional help. 

Aviation personnel, especially those who work in aircraft cock¬ 
pits, typically have a high degree of occupational motivation, and 
this enthusiasm can also be used therapeutically. Several major air¬ 
lines have successfully introduced occupationally specific programs 
of monitoring and therapy. These require continuously updated 
company-wide information, the abandonment of prejudices, and 
empathic understanding. Treatment of pilots who are suffering from 
alcohol-related problems always involves a combination of assis¬ 
tance and supervision. Essential components are group therapies, 
outpatient and inpatient treatment, integration of the patient's friends 
and loved ones, as well as appropriate and often long-term aftercare. 
The patient must also agree to submit to blood tests of biological 
markers at irregular intervals. In case of dependency, complete absti¬ 
nence is the therapeutic goal. A diagnosis of alcoholism remains rele¬ 
vant throughout the patient's life. Therapies for nonprofessional pilots 
are frequently often less standardized and less carefully monitored 
than therapies for their professional colleagues, which helps explain 
why non-professional pilots with substance-dependency are less 
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likely to regain their medical certificate. Prevention, early detection, 
and therapy are the logical steps. The traditional and socially sanc¬ 
tioned enjoyment of alcohol presupposes that this psychoactive and 
dependency-inducing drug be used in reasonable and moderate 
dosages. 

SUICIDALITY 

In many countries, the number of deaths due to suicide far exceeds 
the number of fatalities caused by traffic accidents. This chapter has 
already repeatedly referred to suicidality, including the use of air¬ 
planes as tools for so-called "hard suicide." The highest-risk groups 
are composed of people whose medical histories include alcoholism, 
dependency on medications and/or drugs, and depressive episodes, 
as well as elderly people and individuals who have threatened or 
attempted to commit suicide in the past. The intention to take one's 
own life is announced in advance in approximately 75% of all suici¬ 
dal cases 3 4 ' 6 ' 11 ; 25% of these suicidal individuals contact their family 
physicians a few days prior to their suicides, often expressing indirect 
innuendos and complaining of somatic symptoms. During the final 
decisive phase, and relatively independent of the etiology, the exis¬ 
tent danger is often difficult to recognize, not only for people in the 
potential suicide's milieu, but also for specialists. When working with 
people in certain diagnostic groups, an aeromedical professional is 
therefore advised to proactively and systematically raise the subject 
of suicidal tendencies. 

Suicide and the many methods used to commit it are multifa¬ 
ceted subjects, so the dominant factors can only be approached 
statistically. One should avoid hasty conclusions on the basis of indi¬ 
vidual and isolated cases. "Hard" methods (e.g., shooting, hanging, 
or jumping from great heights) are more common among alcoholics 
and psychotics; so-called "soft" methods (e.g., deliberate drug 
overdose) predominate among female suicides. The suicide rate is 
significantly higher among men than women. There is also a positive 
correlation with increasing age. The ratio between actual and attempted 
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suicide is estimated to be about one to 10 among males, but com¬ 
prehensive and decades-long analyses have found higher values, 
especially among younger men. 

Although the individual intentions for attempting to take one's life 
are difficult to predict and categorize, non-fatal auto-aggressive 
behaviors can be subdivided into non-lethal failed attempts and 
parasuicidal behaviors (suicidal gestures). The reasons, the prior plan¬ 
ning, and the physical means used in failed suicide attempts all 
reveal a very clear intention to end one's life. Survival (e.g., after 
jumping from the third floor of a building) is usually serendipitous. 
Suicide and failed attempted suicide are nearly identical from a psy- 
chopathological perspective. The desire to distance oneself from life's 
problems occupies the foreground in parasuicidal behaviors and the 
so-called "suicidal pause." Nonetheless, these behaviors should not 
be trivialized or underestimated, especially because of the indistinct 
boundary between parasuicide and failed attempted suicide. Chronic 
or current conflict constellations may overwhelm an individual's cop¬ 
ing mechanisms and precipitate a suicide attempt, especially while 
the individual is under the influence of alcohol or benzodiazepines. 
Every suicidal gesture must be taken seriously: it requires under¬ 
standing and it demands appropriate clarification and assistance. 
Underestimating the seriousness of the problem and simply remain¬ 
ing aloof from it are unacceptable. The relevant criterion that 
demands evaluation is the individual's sphere of subjective experi¬ 
ence, not the objective severity of a triggering situation or the specific 
behavior undertaken. 

After informing himself about the calculated risk of his act, a 
high-school graduate swallowed 10 tablets of a benzodiazepine and 
placed three empty vials on his nightstand. He knew when his fam¬ 
ily members would be returning home. The "objective situation" 
seemed so threatening that he was admitted to an intensive-care unit 
for two days. As is also true in the next example, this case with its 
histrionic background likewise demands unprejudiced clarification 
and help. A mildly retarded military draftee, who had been taken 
from his previously sheltered psychosocial situation, felt unable to 
cope with his new situation. He swallowed five "very large and very 
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poisonous" antibiotic capsules. Although there was no "objective 
danger/' the patient was firmly convinced that he had indeed swal¬ 
lowed a lethal dose. 

Medical requirements pertaining to suicidality are clearly and 
restrictively formulated. If suicidal ideations are discovered in a 
patient's medical history, it behooves the aeromedical professional to 
undertake an appropriate examination, although this is very time 
consuming and requires psychopathometric clarification. The deci¬ 
sion should be based on the specific characteristics of each individual 
case and should consider the determinative cause, the circumstances 
that might contribute toward the formation of a suicidal propensity, 
and the triggering factors. A psychosis can be one such determinative 
cause. In such cases, the aeromedical decision is clear. Chronic pri¬ 
vate and occupational stressors often increase the risk of suicide. The 
specific triggers can be seemingly trivial. People in the suicide's 
milieu may misidentify a petty quarrel or a misunderstanding as the 
determinative cause, and this can cause them to suffer long-lasting 
guilt feelings. The accessibility and availability "at arm's length" of 
the suicidal tool is another crucial factor: gun owners often turn their 
own weapons against themselves; pilots occasionally use their air¬ 
planes as the means to commit suicide. 7-9 Timely identification of the 
risk is often difficult, even for doctors, specialists, and psychologists, 
but constant vigilance remains indispensable. In the sense of "psy¬ 
chological autopsy" after a suicide or attempted suicide, many facts 
can be seen in a pilot's medical appraisal, which were either not 
known or only partially known by the AME. Nevertheless, the effort 
should be intensified to devote more attention and greater sensitivity 
to psychiatric disorders. 

Antidepressant Treatment 

As shown above, suicidal behavior is a main risk of depressive syn¬ 
dromes. Therefore, treatment in time by antidepressant medication 
and psychotherapy is necessary in order to prevent suicidal attempts. 
However, the ICAO, FAA, and JAA policies do not (yet) allow pilots 
to fly while taking antidepressant medication. This seems to be one 
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of the major reasons why pilots and cabin attendants conceal even 
the indicated use of psychopharmacologic medication. 15 Many of 
them continue to fly while under such treatment, sometimes for 
years, without informing their AMEs. Current and ongoing studies 
show that flying personnel suffering from depressive syndromes 
under antidepressant treatment, especially with SSRIs, do not exhibit 
an increased number of incidents or accidents. 16 

Evidence for adverse safety outcomes arising from permitting 
individuals to operate as commercial or private aircrew while using 
antidepressants has not been found. Furthermore, the psychiatric 
follow-ups revealed more complete and reliable medical histories. 

These findings strongly support changes of current policy. Based 
on our experience with treatment of depressive syndromes, we sug¬ 
gest that the aviation regulatory bodies should approve the therapeu¬ 
tic use of SSRIs for flying personal under psychiatric and aeromedical 
supervision. 16 

CONCLUSIONS 

Even today, psychiatry and people suffering from psychiatric disor¬ 
ders still encounter prejudices and derogatory psychosocial labeling. 
Such prejudices and stigmatizations dissuade people, especially 
pilots, from seeking psychiatric help. Social pressure is often so 
strong that it influences peoples' descriptions of their complaints, fre¬ 
quently prompting patients to present somatic syndromes that even 
physicians may find difficult to diagnose. 

A human being's sense of personal responsibility is the precondi¬ 
tion for all legal systems, and these systems require people to accept 
social norms. Some mental disorders can drastically impair and, tem¬ 
porarily or permanently, interfere with personal self-determination, 
good judgment, and reasonable discrimination, so those affected 
may commit criminal and/or civil offenses. Along with the lack 
of insight that frequently accompanies disorders such as psychoses 
and substance dependency, this may contribute toward the stigma¬ 
tization of mental disorders. Seminars and continuing education 
for aeromedical professionals should encourage unprejudiced 
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openmindedness and greater attention to the psychiatric aspects of 
medical histories. 

The following recapitulations are intentional. The phenomeno¬ 
logical orientation of the contemporary psychiatric diagnostic system 
corresponds to syndrome-oriented therapeutic measures, but the 
clarification of somatic causes in the narrower sense should not be 
neglected. The dualistic model of "somatic versus psychogenic/psy- 
chological" is obsolete. The phenomenological similarity between 
organic and psychoreactive syndromes should not be overlooked. All 
psychopathological syndromes are ultimately nonspecific, i.e., until 
they have been thoroughly elucidated, they cannot serve as the basis 
for drawing conclusions about potential somatic or psychological 
causes. 34 - 14 No purely phenomenological, undoubtedly appraisable, 
and etiologically specific nosological entities exist within the spe¬ 
cialized field of psychiatry. The ephemeral appearance of mental 
disorders, particularly those with lengthy symptom-free intervals, the 
often inconspicuous medical histories associated with such disor¬ 
ders, and the avoidance techniques practiced by patients suffering 
from such disorders, all combine to further exacerbate the difficulties 
confronted by aeromedical examiners. 

Reasonable suspicion that a psychiatric problem may exist is suf¬ 
ficient to justify the implementation of all necessary diagnostic meas¬ 
ures. An AME can use a pilot's desire to preserve or re-acquire his 
medical certificate as an effective motivational instrument for thera¬ 
peutic intervention on behalf of the affected pilot. Most pilots are 
highly occupationally motivated, and this can be very helpful when 
they face lengthy and burdensome therapy. Every monitored thera¬ 
peutic success enhances flight safety. Psychiatry overlaps extensively 
with other medical specialties and psychology. In the aeromedical 
and aeropsychological context, a distinction should be drawn 
between aptitude and application tests (which essentially select 
within normal psychological performance fields) on the one hand, 
and psychopathological and/or psychiatric clarification on the other 
hand. Pathological syndromes need special clinical training and experi¬ 
ence (including inpatient care), and sometimes also require syndrome- 
oriented batteries of tests. The following chapters on psychology and 
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neuropsychology should help the reader to recognize the differences 

and to order the additional expert examinations. 
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Operational and Clinical Aviation 
Psychology 
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INTRODUCTION 
Fields of Application 

As a branch of applied psychology, aviation psychology originated 
in response to the practical needs of the aviation and space indus¬ 
try. In Germany, there are two institutions for aviation psychology. 
One is located at the German Aerospace Center (DLR) in Cologne, 
the other at the German Air Force Base in Furstenfeldbruck (FFB). 
The primary task of these institutions is the development, applica¬ 
tion, and scientific evaluation of diagnostic methods and selection 
procedures for the specific requirements of aviation and space 
flight personnel. In the area of civil aviation, a close cooperation 
with Lufthansa and other airlines has been established. Within 
Lufthansa, an additional demand for aviation psychology has arisen 
in the fields of leadership and management, caring for flight crews, 
flight safety programs, and aircrew training. Furthermore, there is 
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a long-term contract with the German Air Traffic Control (DFS) for 
the selection of controllers. All these experiences have contributed 
to the selection and training of German and other European astro¬ 
nauts for manned space flight. 

In this chapter we use the term "operator" for all jobs of impor¬ 
tance for safety in the aviation system, such as pilots, flight engineers, 
flight attendants, air traffic controllers, dispatchers, maintenance per¬ 
sonnel, and space crews. 

Aptitude versus Fitness 

Mental and physical fitness does not automatically include the apti¬ 
tude and suitability necessary for carrying out the different mental 
tasks and meeting the demands of piloting an aircraft. In German avi¬ 
ation law, the term aptitude has been avoided in favor of the term 
reliability. Reliability, however, is only one aspect of aptitude. In the 
aviation regulations, factors that make an applicant unreliable may 
be alcoholism, legal incapability, severe legal infractions, and traffic 
offences. The European regulations for flight crew licencing 1 also 
describe aptitude operationally: A psychological evaluation should 
be considered "... when the authority receives verifiable information 
from an identifiable source, which evokes doubt concerning the 
mental fitness or personality of a particular individual. Sources for 
this information can be accidents or incidents, problems in training 
or proficiency checks, delinquency or knowledge relevant to the safe 
exercise of the privileges of the applicable licences." 

Fitness and aptitude are different categories and should be examined 
with different methods. Besides reliability, aptitude is comprised of the 
applicant's or pilot's cognitive and operational performance, behavior 
and personality. For example, the effects of alcohol abuse on a person's 
fitness to fly will rarely be determined by liver function tests alone, with¬ 
out checking for effects on performance and changes in the personality. 
The German and European reservations concerning aptitude refer to the 
applicant's entire personality. This chapter will outline how this is dealt 
with in Germany and what experiences have been made. 

Aptitude implies the consideration of the entire personality 
with regard to specific requirements. The regulations describe many 
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factors that may impair fitness to fly. Many of these are indisputable, 
being measurable and self-explanatory while certain other aspects 
of aptitude are less so. This is especially relevant to psychological 
aptitude testing where the partly subjective assessment process, 
based on numerous more or less objective data, requires the exam¬ 
iner to have extensive experience of both investigation techniques 
and aviation. 

Clinical Psychology in Aviation 

The term "clinical" refers to all kinds of behavioral problems that may 
cause people to seek help from a psychologist. Even professional 
selection, training, and leadership cannot prevent individuals, work¬ 
ing in highly sensitive safety-relevant positions, from exceeding their 
limitations of performance and emotional stability in situations of 
high personal or job-related stress. The ensuing behavioral problems 
will directly affect work procedures and cooperation, and may cause 
depression, anxiety disorders, risk of suicide, and abuse of medi¬ 
cines, alcohol and drugs, as well as problems in social and sexual 
relations, and psychosomatic or physical disorders. 

In order to maintain or regain their health, job performance level, 
and personal well-being, these individuals need competent coun¬ 
selling and treatment from a clinically trained psychologist. A quali¬ 
fied psychologist is trained in the application of diagnostic tests; he 
or she applies scientifically certified tests and knows how to interpret 
the results, using the classification of disorders according to DSM-IV 
or ICD-10. A psychologist who mainly works in clinical intervention 
deals with diagnostics and modification or prevention of maladapta- 
tion. An aviation psychologist is also able to recognize and assess 
specific problem areas within the aviation workplace due to his 
special knowledge of aviation. 

Apart from pilot selection for different weapon systems and mis¬ 
sions, the psychological care for crews under extreme operational 
conditions is a very important field of application in military aviation 
psychology. Clinical aviation psychology has been able to contribute 
substantially to accident investigations and to the rehabilitation and 
recovery of fitness after missions with high or extreme physical and 
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psychological stress. 2,3 The accumulated knowledge and experience 
of psychological diagnostics and intervention has proven to be of 
higher value and effectiveness in maintaining or recovering opera¬ 
tors' mental and physical fitness than psychiatric therapy. 

Clinical psychological methods have gained significance for 
space flight as well. In the early years of manned space flight, only 
specially selected and experienced military pilots were recruited as 
astronauts, while today the number of scientist astronauts without 
much operational experiences has substantially increased. In addi¬ 
tion to psychological selection, an efficient preparation of the men¬ 
tal and physical coping mechanisms needed in space flight has 
become important. The increasing duration of space missions (the 
world record, held by the Russian cosmonaut Valerie Polyakov, is 
438 days) and the operation of the International Space Station have 
raised further questions concerning the psychological care of the 
crews during their stay in space. Among the procedures discussed in 
this context are the psychological and behavior-oriented methods of 
selection and assessment, (preventive) training — mainly in the areas 
of communication, conflict management, and stress management — 
and psychological as well as behavioral intervention methods in case 
of a crisis during a mission. 4,5 


OPERATIONAL AVIATION PSYCHOLOGY 
Examination of Aviation Personnel 

In civil aviation, the airlines determine how selection of aviation per¬ 
sonnel is carried out. The procedures and methods applied vary. 
Psychological examination of applicants is being used by an increas¬ 
ing number of airlines. Aptitude testing of pilot applicants is also 
common practice. The job requirements define the level of required 
aptitude. The German Helicopter Rescue Service, for example, con¬ 
sults psychologists to evaluate applicants' capacities to cope with the 
specific requirements encountered in flight rescue operations. There 
are no legal regulations for the application of aptitude testing. Private 
companies make their own decisions about the methods and quality 
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of their personnel selection. Consequently, aviation-psychological 
examinations are subject to the company's culture and personnel 
policies. 

Psychological aptitude testing is an efficient way to minimize 
training risk and optimize economical personnel planning. The so- 
called negative selection, where only those applicants who are obvi¬ 
ously unsuitable are rejected, is not sufficient. The mutual interest in 
a high quality psychological aptitude testing is to identify those appli¬ 
cants with the highest potential and most promising career prospects 
in aviation. The competent and consistent application of aviation- 
psychological aptitude testing has led to three results: first, unsuitable 
applicants are not accepted; second, the job-related failure rate is 
relatively low; and third, the number of problem cases is held at a 
tolerable level. 

German Aerospace Center (DLR) support German Air Traffic 
Control (DFS) through the development and application of specific 
procedures for the selection of control personnel. 6 Supported by 
DLR, EUROCONTROL has given out recommendations and guide¬ 
lines for planning and selecting personnel to other national flight 
safety organizations. 7 

Regarding the selection of applicants as astronauts for space 
flight missions, DLR has developed psychological procedures that 
are being applied in all participating European countries according 
to request from the European Space Agency (ESA). 

Within the area of civil aviation, according to the current need, 
thousands of applicants are tested every year by DLR regarding their 
aptitude for different operational jobs in aviation. 

In the military field, the demand is controlled by internal person¬ 
nel structures. Every applicant for a career in the airforce is subjected 
to aviation-psychological aptitude testing. Prior to the beginning of 
the flight training, a medical examination of fitness is conducted. This 
may also include a thorough special clinical psychological or avia¬ 
tion psychological examination, according to specific regulations. 

Legal requirements for the application of aviation-psychological 
aptitude testing only exist in national regulations and in JAR-FCL/ 
Part 3 Appendix 1 7. Pursuant to these, a psychological evaluation is 
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only required in case of verifiable doubt about an applicant's mental 
fitness and personality. 8 

Human Factors Training 

Dealing with the issue of stress in aviation is always accompanied by 
the (unspoken) question, how to keep its effects as small as possible. 
Every measure and every technical solution to reduce the workload 
on the pilot can be foiled by "human error." An example is the 
"automation induced complacency," caused by the reduced work¬ 
load that increasing automation on the flight deck has carried with it. 
The following sections on human factors explain the necessity for 
behavior modification of crews. Only continuous behavioral train¬ 
ing, oriented towards the demands of contemporary aviation, can 
reduce the frequency of human errors and minimize their effect. The 
objective cannot be the elimination of human error, but the preven¬ 
tion of catastrophic outcomes. 

A pilot's career is accompanied from the beginning by educa¬ 
tional efforts toward safety-aware behavior. "Good airmanship" sum¬ 
marizes this behavior, comprised mainly of disciplined behavior, 
responsibility, risk awareness, adherence to "standard operating pro¬ 
cedures" (SOP), critical self-assessment, etc. This type of airmanship 
does not evolve by itself or through technical training. Safety-relevant 
attitudes have to be positively reinforced continually and should be 
closely linked to the technical training; ideally, it should be an inte¬ 
gral part of any training throughout the pilot's career. 

Organizations and companies try to utilize the human resources 
optimally by means of personnel development measures. Consultants 
support them with tools such as counselling, supervision, mediation, 
and coaching. These methods have their roots in clinical psychology. 
International aviation has developed similar leadership concepts 
under the names of "Leadership Competence," "Crew Coordination 
Concept," and "Crew Resource Management" as efficient instru¬ 
ments for crew behavioral training. Despite efficient human factors 
training being acknowledged as necessary for front line operators, 
occasionally managers themselves do not practice such principles, 
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which is unfortunate as they are in a position to set examples for their 
employees ("organizational safety and culture"). 

Human performance and limitations (HPL) 

Technical skills, i.e., mastery of the functional skills and specific 
knowledge of procedures, are obvious prerequisites for obtaining an 
aviation licence. Professional flying schools are perfectly capable of 
teaching these technical skills. It is, however, known world-wide that 
certain behavioral skills are necessary for safe flying: discipline, self- 
control, critical self-awareness, decision-making ability, proficiency in 
team-oriented decision management, sense of responsibility, a good 
understanding of risk management, and social as well as commu¬ 
nicative skills. For a long time it was expected that these non-technical 
skills would evolve by themselves as a side-product of a rigid techni¬ 
cal training, according to strict training requirements. In reality, the 
desired non-technical behavior was coincidental, depending on the 
quality of the selection and various uncontrolled influences from 
the training personnel. These non-technical skills should be trained 
from the beginning in order to modify the behavior in the desired 
direction as early as possible. 9 FHPL-Training has been integrated into 
basic training. The objective is to teach basic knowledge about human 
factors and to sensitize student pilots to different aspects of human 
factors in their aviation career. FHPL-training is made up of two parts. 
"Basic physiology" deals with the physical environmental influences 
on flight performance. "Basic psychology" deals with personality, 
motivation, and the individual's and the team's performance, as well 
as information processing, decision-making, mental workload and 
stress management. The self-concept, i.e., critical self-awareness, and 
communication concepts are crucial to this training. 

Multicrew coordination concept (MCC) 

The next step of human factors training takes part during the advanced 
pilot training, as "crew (or multicrew) coordination concept" 
(CCC/MCC), according to JAR-FCL 1, Subpart F. This part of the 
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training deals with the practical application of theoretical knowledge 
about responsibility, cooperation, roles, mutual acknowledgement of 
competencies, conflict management, communication, and allocation 
of tasks. 

Significant improvement of flight safety occurred when a whole 
generation of senior flight captains began acknowledging that other 
crew members have competencies and should be treated as partners. 
This led to a new definition of the responsibilities on board: the pilot- 
in-command is in charge; the other crew members are responsible 
for their respective tasks, but every crew member is responsible also 
for the actions of the entire crew; thus every crew member has to 
keep an eye on the others and must react to any observed deviations 
from standard procedures, whether intentional or not. 

In order to avoid or resolve conflicts in essential decision 
processes in the cockpit, specific rules have to be obeyed. 
Simultaneously, the communication style influences teamwork by 
building or removing barriers. The team's training objective is to 
acquire the skills for successful conflict management. For the resolu¬ 
tion of interpersonal conflicts, it is important to keep in mind that 
there are three sides to every story: the crew member's own point of 
view, the other crew member's point of view, and the truth. 

According to the technical set-up of cockpit and procedures, the 
formal allocation of responsibilities in the cockpit is precisely 
defined. It is explicitly designed for equal distribution of the work¬ 
load among the crew members. 

Crew resource management (CRM) 

Accident investigation shows that even experienced crew members 
with comprehensive knowledge and highly trained functional abili¬ 
ties occasionally make wrong or dangerous decisions, either because 
of wrong assessment of a situation or because of misjudgment of their 
own skills. FHuman beings often cause critical situations, for instance 
by over-estimating their own abilities. An absolute necessity for suc¬ 
cessful CRM-training is an understanding of the human sources of 
error and the different causes for human error behavior, as already 
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taught in HPL-training. The focus of CRM-training is on dealing prac¬ 
tically with such behavior. 

The training requirements are summarized in the following 
objectives: 

• Self-awareness (introspection) 

• Correct assessment of situations and problems (judgment) 

• Correct problem solving strategy under conditions of uncertainty 

• Timely decision-making 

• Result control 

Techniques belonging to these categories are meant to enable 
crews to cope with complex leadership tasks within the area of mod¬ 
ern aviation. Among these are: planning ahead, disposition of 
resources, interpretation of data and information, assessment of facts, 
occurrences and appearances, decision between two alternatives, 
assessment by weighing the probability in uncertain situations, and 
integrating the other crew members into the decision process. 

Finally, CRM requires the ability of re-orientation, critical evalu¬ 
ation of information, and disposition of every available aid and infor¬ 
mation during flight. Strategies of behavior control and work 
organization are meant to secure the necessary redundancy. The opti¬ 
mization of a flight operation requires mastery of leadership. 
Qualified CRM courses provide theoretical knowledge and practical 
training in all of these. The above-described FHFT programs contain 
sensitive topics from the "soft sciences," which means that they 
require a high level of self-awareness in the participants in order to 
be accepted. Therefore, the instructors need a special qualification 
based on broad psychological knowledge. The training of these 
instructors requires much attention and continuous support (moder¬ 
ation) from competent psychologists. Instructors and moderators 
experienced with these FHFT topics can contribute substantially to 
behavior modification. The European Association of Aviation 
Psychologists (EAAP), together with the Joint Research Center (JRC) of 
the European Commission, offers courses in human factors training 
for aviation psychologists and instructors . 10 The British Civil Aviation 
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Authority (CAA) has published a manual for instructors, "Guide to 
Performance Standards for Instructors of Crew Resource 
Management Training in Commercial Aviation." 

Applied Research in Aviation Psychology 

Job-requirement oriented aptitude tests are constantly being devel¬ 
oped, inter alia at the German Aerospace Center in Germany, tested, 
and applied in cooperation with airlines and other aviation and 
space institutions. The professional application of such selection 
strategies has significantly enhanced the efficiency and reliability of 
complex systems. 

As the development of such selection systems demands substantial 
knowledge of the job requirements for the operators' employment 
fields, extensive job analyses are carried out at different intervals . 11,12 
One result of this research is that personality-related dimensions, espe¬ 
cially in the interactive and social area, have been shown to be of 
greater significance for airline pilots than for student pilots. Air Traffic 
Control also benefits from this research and development work . 6 

Applied research does not only help aptitude testing progress 
with regard to predictive quality, it also provides clinical aviation 
psychology with improved methods, resulting in better insights into 
personality structures. In addition, assessment systems for non¬ 
technical skills are being developed, and assessor training, selection 
and training evaluations are being carried out. 


APPROACHING CLINICAL-THERAPEUTIC 
INTERVENTION 

The Human Factor 

In the history of aviation, there has never been as dramatic a growth 
as there is now. The civil air traffic is expected to double within a few 
years, the product range is expanded constantly, and pressure for 
requirements on aviation systems is rapidly increasing. There is more 
and harder competition ("more traffic at lower cost"), while at the 
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same time the high safety level in aviation has to be kept up and even 
improved in order to meet public expectations. International air 
transport has the highest safety standard in the entire transportation 
industry with an average of less than two fatal accidents per million 
flights. In recent years there have been about 20 hull loss accidents 
per year with a few hundred fatalities. Regarding the expected dou¬ 
bling of air traffic, these figures might increase drastically unless all 
precautions are taken and all means to improve safety are put into 
action. The multidimensional human factor definitely plays a promi¬ 
nent role in this process. This chapter will reflect on those dimensions 
of human factors that directly or indirectly influence the behavior of 
operators in the aviation environment. 

All operators working in aviation are constantly subjected to dif¬ 
ferent physical, mental, and emotional stressors, and not everyone is 
able to cope appropriately. For flight safety reasons, aviation person¬ 
nel must submit to aeromedical examinations as well as ongoing per¬ 
formance checks, both regulated by law. The individual's adaptation 
to the aviation requirements is a permanent process that begins with 
the selection and the first medical examination, and continues with 
the basic education, flight training, further education programs, adap¬ 
tation to new requirements, and ongoing aeromedical examinations. 

Individuals are expected to cope not only with these aeromedical 
and technical requirements. Tasks in aviation are factual tasks and 
basically require factual competence from everyone involved. While 
performing factual tasks, the operator carry out normal actions that 
are not directly related to his or her emotional life. It is still often 
questioned what such vague factors as emotions, moods, attitudes, 
and motives have to do with the factual requirements in aviation. But 
human beings do not have a built-in mechanism that enables them 
to handle worries, conflicts, and errors autonomously. 13 

Stress and Stress Management 

Physical, psychological, or mental strains are factors that have an 
effect on the operator in complex man-machine-systems; they are, 
therefore, stressors. The way that individuals feel and cope with strain 
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can be very different, independent of the magnitude and type of 
stress generated by the strain. Everybody moderates stressors in his or 
her own way. Stress reactions show both the degree of strain and the 
way the individual handles it. People need stress as a stimulus for 
action. As long as this stress enables a person to perform well, it is 
healthy and useful. If a person cannot cope with stress factors ade¬ 
quately, there will be physical, performance related, or emotional 
consequences ("distress"). Thus, stress resistance is a very important 
criterion in the assessment of personality factors. 

Physical stress reactions are mainly nervousness, hectic pace, mus¬ 
cle spasms, and disorders of motor coordination. Mental stress reac¬ 
tions can be diminished perception and attention, weakened 
concentration, mental block, memory gaps, decision errors, general 
confusion, irritation, and loss of action concept. Emotionally, stress can 
be felt as panic, anxiety, resignation, anger, annoyance, frustration, and 
aggressiveness. Chronic stressors like constant overtaxing, repeated 
traumatic experiences, and continuous impairment of self-esteem, can 
cause severe physical dysregulation and long-term decline of perform¬ 
ance and health. In almost 40% of cases, pilots who become unfit for 
flying show psychological factors in the diseases that lead to unfitness. 
In the German Air Force, 30% of pilots, dismissed early for unfitness, 
were dismissed for psychological reasons. 2 

Anxiety, self-doubts, annoyance, anger, and frustration are danger¬ 
ous triggers for aggression, failure, and mistakes. Psychological stress 
can cause distortions of the cognitive processes, loss of social relations, 
divorce, loss of motivation, loss of respect and competence, restless¬ 
ness, sleeping disorders, eating disorders, depression, flight into illness, 
danger of addiction, and more. These kinds of annoyances disturb the 
emotional balance and are infectious for the people around as well. 
They ruin mutual confidence, infect discipline, paralyze creativity, and 
divert mental and emotional energy. A modification in the reactions to 
stressors, supported by qualified clinical-therapeutic intervention, will 
help in such cases. It is essential to provide this support. 

Strain and stress reactions are nonspecific, i.e., they are independent 
of the type of stressor. The reactions are usually autonomous and invol¬ 
untary. They become accessible to control though, when the individual 
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becomes conscious of the effects. Operators in aviation and space flight 
have to learn about the reactions to expect under conditions of stress, 
and about how these may endanger the operating system. This applies 
especially to aircrews in military missions, who need special attention. 3 
Numerous crash scenarios have shown that stress reactions have more 
catastrophic consequences the less they are controlled. Therefore, pilots 
and other operators should learn how to avoid stress situations and how 
to control stress reactions when stress is unavoidable. Consequently 
they need training in order to modify their attitudes towards conscious 
control of stress situations and in order to learn error-prevention strate¬ 
gies. The entire flight training should have a philosophy of stress 
management and error prevention as a background. 

This also applies to coping with acute stress conditions. Crews 
must learn to recognize stress situations on the basis of behavioral 
symptoms. They should accept these as stress symptoms, communi¬ 
cate this to the other team members, and organize appropriate meas¬ 
ures of behavior control. On top of theoretical training, compulsory 
seminars and practical training, additional aid should be provided in 
order to modify behavior and develop coping strategies. In the mili¬ 
tary field, a special care concept has been developed, "Psychological 
Mission Training and Counselling," comprised of the following four 
phases: 3 "pre-mission training —> mission training -» post-mission 
training —> additional measures." 

The main elements of stress management are: 

• Self-awareness regarding the subjective stress level 

• Stress and error prevention strategies 

• Stress-coping strategies in acute situations 

• After-action stress debriefing 

• Treatment of long-term effects (e.g., post-traumatic stress and 
anti-airsickness training programs). 

The Interpersonal Climate within the Air Crew 

The work climate within the air crew is crucial for successful per¬ 
formance. Causes of tension in a crew include strong psychological 
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differences between superiors and subordinates, differing under¬ 
standings between cockpit and cabin crew of their respective roles, 
inappropriate self-assessment and inappropriate ambitions of some 
crew members, a know-all manner, poor willingness to cooperate 
and poor willingness to communicate and assist others. The true 
magnitude of this human "climate factor" has recently been investi¬ 
gated by Lufthansa in a large research project on flight safety (see 
Kemmler). 14 

The Importance of the Social Environment 

Problems in a person's private life often influences his or her behav¬ 
ior and performance at work. This applies to any job but especially 
to jobs with high stress factors such as time pressure and demands of 
constant vigilance and attention; above all it applies to jobs with a 
high degree of responsibility and with extreme safety requirements 
such as those typical for the aerospace industry. 

It is easier to learn how to deal with factual tasks than with emo¬ 
tions and conflicts. There is always a risk of not coping successfully 
with psychological conflicts and crises in the social environment. 
The affected individual ties the emotional energy to the conflict 
without being able to resolve it alone. Affected operators in any 
highly sensitive system run the risk of being vulnerable to aggressive 
behavior that disturbs cooperation and endangers safety. They are 
equally vulnerable to dubious methods of self-treatment, placation, 
trivialization, and suppression. This is likely to exert a strain on their 
private relationships, and they may develop psychosomatic disor¬ 
ders. 13 In severe cases, an affected person acquires a series of vague 
diagnoses and often ends up helpless as a person with "a personality 
disorder." 

The social environment is also substantially marked by the cli¬ 
mate in the organization, for which superiors in the hierarchy are 
responsible. Unjustified pressure from "above" causes grudges, 
loss of self-confidence, internal opposition, frustration, and loss of 
motivation — all of which curb commitment to maintain safety at 
the workplace. 
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CLINICAL AVIATION PSYCHOLOGY 
Psychological Problem Areas in Aviation 

In the field of civil aviation, psychological aptitude testing has a spe¬ 
cial status within fitness assessment, especially in countries where 
licensing regulations only allow psychological testing in cases of 
substantiated doubt about an applicant's aptitude. Doubt can appear 
prior to the beginning of training, during the first medical examina¬ 
tion, or be based on information made available to the licensing 
authority. The instructor pilot might also find a student pilot's behav¬ 
ior bizarre or just out of the ordinary, and finally also trained pilots 
and controllers may display behavior that gives reason to doubt their 
reliability or aptitude. 

Case report (1) 

An airline pilot was found guilty of drunken driving a few years prior 
to his regular retirement. This caused the authorities to demand evi¬ 
dence of his reliability by means of an aviation-psychological apti¬ 
tude test. Liver function tests were normal and there were no physical 
signs of alcohol abuse, nor were there any abnormal behavior or 
signs of mental disturbance. After a long period of habitual drinking, 
the pilot realized he was sitting on a "time-bomb." With the assis¬ 
tance of a psychologist, he self-critically tackled his wrong behavior. 
In order to get back his driving licence he underwent a medico- 
psychological examination, which once again showed no perform¬ 
ance reduction and no toxic damages due to alcohol abuse. 

Nevertheless, the results of the aviation-psychological examina¬ 
tion led to substantial doubts about his capability to cope with the 
demands of professional flying. His performance profile was below 
average, also when adjusted for age. The pilot himself accepted hav¬ 
ing a reduced mental processing speed. Because of his objective dif¬ 
ficulties in dealing with complex system requirements, it was not 
easy to make a favorable decision. However, his many years of expe¬ 
rience and a successful check flight in a simulator had to be taken 
into account. The partly positive result of this aptitude test was favorably 
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considered by the licensing authority but made contingent on suc¬ 
cessful refresher training. 

In this case, the authority had a substantiated doubt about the 
pilot's suitability to continue his aviation activities and requested 
clarification by means of an aviation-psychological examination. This 
doubt originated from official information about his drunken driving 
sentence. 

Another avenue for requests of aviation-psychological examina¬ 
tions is via the aeromedical examiner, who may detect significant and 
deep-rooted behavioral problems during the medical examination. 

Cases where the licencing authority may decide to request 
aviation-psychological examination frequently result from the 
following observations: 

• Difficulties in training, with considerable disturbances of the 
training process 

• Specific flight-related performance deficits 

• Cognitive performance deficits of perception, attention, and 
memory 

• Obvious cognitive or psychomotor ability flaws 

• Delinquency 

• Drunken driving 

• Alcohol or drug addiction 

• Aggressiveness, intolerable social behavior 

• Emotional instability 

• Insufficient stress resistance, low frustration tolerance 

• Traffic accidents, flight accidents or incidents 

• Injury proneness and many accidents in everyday life 

• Extreme personality traits that disturb teamwork in aviation or 
make it impossible 

• Psychological behavior problems 

• Psycho-somatic disorders 

In Germany only experienced and authorized institutions are 
entitled to perform aviation-psychological examinations. In such insti¬ 
tutions, most examination candidates appear for reasons of drunken 
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driving and road traffic offences, followed by problems in training 
and psychological problems. 1516 

In the military area, special aviation-psychological or clinical- 
psychological examinations have been ordered by flight surgeons for 
the following reasons: 

• After accidents or incidents involving aircraft and where psycho¬ 
logical factors are presumed involved or if there are doubts about 
the pilot's ability to cope 

• Considerable flying-related performance deficits (e.g., due to age) 

• Fear of flying and loss of flying motivation 

• Recurring symptoms of airsickness, psychosomatic problems, 
neurotic and personality disorders, burn-out syndrome, behav¬ 
ioral problems, specific social conflict situations (job-related and 
private) 

• Post-head injuries 

• In case the ability to operate specific aircraft is questioned 

• Pilots who were dismissed early from training for psychological 
or aviation-related reasons and are scheduled to perform a different 
task in aviation 

• Before the transition to a different type of aircraft (propeller or 
helicopter to jet) 

Psychological Methodology 

The regulations define the procedures and methods for the aviation- 
psychological examination of fitness and aptitude of aviation per¬ 
sonnel that meet these main demands: Aptitude testing must consider 
the specific strains of the aviation tasks; applied methods and test 
results must be valid for the specific group of persons; and results of 
the examination that were not gained by tests must be based on ver¬ 
ifiable facts. 

The methods of aviation-psychological examinations have been 
published in the European Regulations JAR-FCL/Part 3. They include 
biographical evaluation and testing of performance and personality 
dimensions. 
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Certain standards and criteria apply to the use of psychological 
tests. 17 Basic test principles demand comparability (with a norm 
group), objectivity (standardized application and processing of the 
results without subjective influence from test personnel), reliability 
(the test always measures the same dimension without significant 
deviations or measurement errors), and validity (the precision with 
which a test measures the target dimension and enables conclusions). 

Extensive validation studies have been performed into the pre¬ 
dictive validity of the different tests for successful training (for pilots: 
Maschke/Hormann, 18 for air traffic controllers: Lorenz ef a/.) 19 The 
selection of pilot applicants {"ab-initio") shows a predictive validity 
of 95% for successful outcome of flight training. For licensed pilots 
("ready-entry"), the correlation between the assessment during selec¬ 
tion and their job-performance was similarly significant. 

The basic test principles also apply to the application of tests in 
clinical psychology. Of these principles, the construct-related valid¬ 
ity is of special importance for clinical and personality tests. In case 
clinical tests are used to support the aeromedical disposition, the 
criterion-oriented evidence of validity must be considered. 

Case report (2) 

During training for a CPL, the applicant (37 years and holder of a 
PPL) passed the theoretical examination at the third attempt. 
However, he did not pass the practical examination even after three 
attempts. He also repeatedly failed a test for flight instructors. The 
licensing authority now requested an aviation-psychological exami¬ 
nation in order to determine whether the applicant was suitable for 
continued training for CPL, ATPL, and an instructor's licence. 

The psychological tests showed a considerable deficiency in 
planned and controlled performance of complex coordination tasks. 
The psychologist described a deficiency in task-oriented perform¬ 
ance in moments of high cognitive and emotional stress. This was 
manifest in his numerous failures at examinations and was confirmed 
by his unclear concept of his further career. The test results also indi¬ 
cated that he was substantially misjudging his own abilities. 
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Cases 1 and 2 point to the basic independence of aviation-psy¬ 
chological aptitude testing from aeromedical assessment of fitness. 
Case 2 demonstrates the necessity to supplement medical, operative, 
and laboratory results with psychological performance test results 
and insights into the personality (also after a psychological interven¬ 
tion) and to take into account the quality of flying experience for the 
assessment. Case 1 still holds a risk, which has to be controlled by 
close surveillance of the deployed pilot. 

Cases 1 and 2 also show the need to consider the complete list 
of dimensions in the aviation-psychological assessment of problem 
cases, i.e., the biographical life history as well as performance and 
personality factors. Aviation psychologists should make sure to apply 
only such tests that are relevant to the aviation job requirements. 

JAR-FCL/Part 3 (Medical) Subpart A, B, C, Section 2 lists the fol¬ 
lowing psychological dimensions that should be looked at: 


(1) Biographical anamnesis: 

• General life history 

• Education 

• Critical behavioral incidents 

• Delinquency 


• Family 

• Socio-economic status 

• Diseases and accidents 


(2) Operational attitudes (standardized tests for cognitive perfor¬ 
mance dimensions and operational ability): 


Logical reasoning 

Memory function (visual and 

auditory) 

Perception 

Psychomotor function 


• Mental arithmetic 

• Attention 

• Spatial comprehension 

• Multi-task abilities 


(3) Personality dimensions (standardized questionnaires, clinical 
behavior observation, structured interview): 

• Motivation and work orientation (need for achievement, 
vitality, mobility, readiness to acquire new knowledge and 
skills, acceptance of responsibility) 
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• Decision-making (problem-solving behavior, choice of alter¬ 
natives, decision in situations of uncertainty, decision after 
assessing available information) 

• Social capability (extroversion-introversion, dominance/ 
assertiveness, empathy, aggression) 

• Stress coping (emotional stability, readiness to bear priva¬ 
tions, flexibility, stress management) 

Extreme distinctiveness in certain dimensions, behavioral disor¬ 
ders, and obvious psycho-pathological and psychosomatic symp¬ 
toms require the psychologist's special attention. 

Case 2 also shows that, in spite of otherwise normal cognitive 
abilities, a performance deficiency in complex coordination tasks 
and a deficiency in concentration and emotional stability can reduce 
an individual's ability to control an aircraft to the extent that not even 
additional training will improve his performance. Futile extra training 
is not only uneconomic, but also demotivating. In general, unsuc¬ 
cessful training leads to a further loss of self-confidence and endan¬ 
gers flight safety. These deficiencies were not only visible in the 
applicant's performance behavior in test situations, but could also be 
seen when he flew on his own. 

Case report (3) 

A student pilot (56 years old), who wanted to acquire a PPL-A, failed 
the final practical check three times. The licensing authority requested 
an aviation-psychological examination. Several psychomotor tests 
were applied for different aspects of relevant psychomotor tasks. All of 
the results revealed considerable performance deficiencies. The stu¬ 
dent pilot had no problems with understanding test instructions and 
task concepts, but there was a deficiency in information processing. 
This behavioral deficiency was basically caused by his pronounced 
emotional instability and poor stress resistance. He was described as 
a very reflective, schizothyme person, unsure about himself and his 
performance, whose stress resistance appeared to be reduced consid¬ 
erably. In addition, at his relatively high age, it is not easy to acquire 



Operational and Clinical Aviation Psychology 


631 


new psychomotor skills for demanding motor coordination and mul¬ 
tiple task handling. Under conditions of stress, this can lead to learn¬ 
ing problems, time-consuming extra training periods, and regression 
into simple and inappropriate behavior. This student pilot would never 
become be able to pilot an aircraft safely because such grave defi¬ 
ciencies cannot be compensated by additional flight training. 

Case 3 describes grave performance deficiencies, observed dur¬ 
ing practical training, by the instructors. Their report to the licencing 
authority led to an aviation-psychological examination. The psycho¬ 
logical report was the basis for the final licencing decision. 

Assessment and Results 

Any expert's recommendation about a pilot's fitness and aptitude 
requires integrity, especially in difficult cases. The interests of an indi¬ 
vidual's existence must be weighed against the safety interests of the 
general public. In cases of doubt, safety must be given priority. In 
borderline cases, it becomes obvious that a strictly objective judge¬ 
ment has its limitations. A classical and basically always valid ques¬ 
tion for the expert is: "Would I fly with this pilot?" The psychological 
expert can only make a recommendation if the following applies: 

• The examination has been completed according to the above- 
mentioned criteria 

• All available data have been considered 

• The examination has been carried out with the support of a sec¬ 
ond psychologist or a trained test instructor in order to compare 
and check the results 

If, after an aviation-psychological examination, doubt persists, 
limitations or restrictions of the licence can sometimes be imposed, 
allowing the pilot to fly without posing a danger to flight safety. 

At DLR, 39% of the examined problem cases were first-time 
applicants, 30% were holders of ATPL, 18% had PPL, and 13% had 
CPL/IFR. 15 At FFB, the cases without a licence and with PPL were 
balanced (41% and 42%), and 11% had ATPL. 16 



632 


K. Steininger and D. Stelling 


Recommendation categories are: Suitable/unsuitable/temporarily 
unsuitable/suitable under conditions. At DLR, positive and negative 
recommendations are quite balanced (45% and 43%), and at FFB, 
the majority of cases qualified as positive (71%). 12% (DLR) and 
10% (FFB) of the applicants were obliged to accept certain condi¬ 
tions, such as: 

• Flight related conditions (e.g., licence limitations/restrictions) 

• Behavior control 

• Medical control (e.g., blood testing) 

• Successfully completed educational air traffic classes 

• Successful alcohol or drug withdrawal treatment 

• Successfully completed psychotherapy 

• Follow-up examination/s 

Within a period of eight years, 396 airforce pilots with problems 
were examined psychologically for the following reasons: 

• Flight-related performance deficiencies (e.g., accidents, incidents, 
mistakes, deterioration of performance, problems with transfer 
to more complex aircraft): N =215; 87% rehabilitated, 13% 
dismissed 

• Psychological maladaptation (e.g., fear of flying, fear of failure, 
reactive depression, alcoholism, simulation): N = 73; 59% reha¬ 
bilitated, 41% dismissed 

• Psychosomatic disorders (e.g., motion sickness, organic neuroses, 
sensory malfunction, vegetative dysregulation): N = 108; 58% 
rehabilitated, 42% dismissed. 

Clinical Therapeutic Intervention 

In aviation, psychology not only plays an integral role for the selection 
of suitable applicants, but also contributes substantially to the educa¬ 
tion and training of operational personnel. Helpful interventions range 
from the care for personnel subjected to high stress, to rehabilitation, 
i.e., the re-establishment of psychophysical and mental capacities. 
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When the task-induced and psychological stress reaches a level 
beyond a pilot's ability to cope alone, the professional adaptation 
process does not have to be interrupted if the pilot is willing to 
modify his attitudes and change his lifestyle. In order to achieve 
this, different means of psychological counselling, behavioral inter¬ 
ventions, or psychotherapy are available. Self-help programs for 
civil aircrews have been introduced (e.g., "relapse prevention" for 
alcohol and drug problems, "employee assistance program (EAP)/' 
and The Mayday Foundation), and professional clinical psychology 
offers a variety of interventions. An interdisciplinary cooperation 
with flight surgeons, aeromedical examiners, and experts from the 
licensing authority is generally helpful. In the civil area, the psy¬ 
chologist or aeromedical examiner can only recommend an indi¬ 
vidual to seek help. The affected pilot or controller must be willing 
to accept external therapeutic support. In the military area, clinical- 
therapeutic interventions are arranged by the flight surgeon or the 
commander. 

Psychological interventions require a diagnostic process. Unlike 
the standardized and quantified examination procedures used in 
clinical aviation psychology, which can supplement the methods 
commonly applied in psychiatry, interventions are not determined by 
specific procedures. The choice of applicable methods has to be indi¬ 
vidually tailored. The first interview is essential as the treatment 
modality and the indication for specific methods are decided here. 
With the diagnostic tools previously mentioned, the consulting psy¬ 
chologist gains important insights into the individual's potential and 
personality. This is the basis for a goal-oriented treatment and its 
prognosis. Clinical-psychological consultation and psychotherapeu¬ 
tic treatment follow a structured sequence 20,3 : 

1. Explanation of the test results and their significance for the indi¬ 
vidual case. 

2. Indication of the necessary clinical therapeutic interventions, expla¬ 
nation of the planned counselling (or therapy), and the prognosis. 

3. A maximum of three to four counselling sessions to talk about 
consequences based on self-competence and self-management. 
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4. Recommendations for further psychological behavioral training 
and/or treatment. 

5. Carrying out the recommended measures. A clinical-psychological 
or psychotherapeutic treatment can only be conducted by external 
specialists. 

6. Report the results of the measures to the responsible persons. 

7. Judgement and evaluation of the results in view of their conse¬ 
quences for the course of the case regarding further treatment, 
the candidate's future deployment, and aptitude. 

8. Quality control of the measures by the consulting psychologist, 
in cooperation with the aviation company after the candidate has 
resumed his job. 

9. Establishing and improving a permanent network of responsible 
internal persons and external experts. 

Case report (4) 

A professional pilot who had been caught abusing and selling illicit 
drugs, had his CPL/IFR revoked by the licensing authority. An avia¬ 
tion-psychological examination was requested. The aptitude testing 
showed an intact and well-balanced person with an average level of 
intelligence and fully functioning operational skills. The examination 
also revealed a problematic, neurotic personality, marked by strong 
influences from his up-bringing at home and education at boarding 
school. The pilot had developed fear of examinations, which resulted 
in an anxiety disorder. He tried to fight his anxiety with drugs and 
became addicted. This development was encouraged by his psy¬ 
choneurotic disposition. A lack of support in the social sphere is 
characteristic for the typical drug biography. Owing to this personal¬ 
ity structure, a continuous high risk of addiction was diagnosed. In 
order to get back his licence, the pilot was obliged to complete the 
following: 

• Successful withdrawal treatment (to be documented) 

• Successful psychotherapy for his anxiety disorder 

• Integration into a supportive social sphere 
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Accidents or critical incidents in aviation often result in traumatic 
stress with sustained shock and disorganization of lifestyle. In such 
cases, a stress debriefing, starting immediately after the event, can 
prevent worse post-traumatic effects. In the section of clinical psy¬ 
chology at the air force's medical institute, approximately 100 prob¬ 
lem cases are psychologically examined and treated every year. 3 
74% of the pilots undergoing treatment were able to rejoin their units 
after successful interventions. It appeared that, for example, the fear 
of flying and airsickness were easier to treat than alcoholism or 
chronic psychosomatic disorders and neuroses with strong constitu¬ 
tional components. 

However, cost-intensive and time-consuming psychotherapies 
should not be considered if the intervention, including refresher 
training, is to exceed a period of three months. Another aspect to 
bear in mind is that external therapists are unfamiliar with the field of 
aviation and, in case of military pilots, may not be available for con¬ 
sultation due to security reasons. Psychotherapy is justified, if: 

• The pilot's performance was above average before his problems 

started 

• The motivation for flying is unbroken 

• The pilot shows insight and a strong will to cooperate 

• The disorder can be treated efficiently in the available time period 

Clinical psychology offers support in a variety of different con¬ 
flicts (e.g., family and educational counselling, rehabilitation, with¬ 
drawal therapies, relaxation therapies, educational air traffic classes, 
emergency psychology, etc.). Cognitive behavioral therapy comprises 
training for the modification of behavior and deals with affects, atti¬ 
tudes, motives, and biographical aspects of the disorder. There is an 
evident demand for this kind of psychological support. With regard 
to job satisfaction, a long career in aviation, and last but not least, 
flight safety, individuals should be encouraged to accept these offers. 
In addition, it is necessary to establish a network of competent exter¬ 
nal experts to which pilots can be referred for clinical consultation 
and treatment. 
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Emergency psychology has developed concepts to deal with 
acute crises, which are applicable after accidents or catastrophic 
events ("critical incidents"), e.g., accidents with many casualties, life- 
threatening events, and exposure to terrorists, hijacking, and captiv¬ 
ity (Kemmler). 20 The objective of such concepts is to make 
psychologically trained persons available to counteract stress and 
shock by early intervention. The "International Critical Incident Stress 
Foundation" in Baltimore trains helpers (e.g., psychologists, pilots) in 
critical incident stress management (CISM). The German Airforce has 
successfully applied this concept. 22 

CONCLUSIONS 

This chapter describes the contribution of aviation psychology to avi¬ 
ation personnel at different career stages. A series of psychological 
measures is available during all the stages: starting with the psycho¬ 
logical selection of personnel, through training syllabi ("human fac¬ 
tors," HPL) and the obligatory leadership and cooperation seminars 
and training (CCC/MCC, CRM, and Captain Advanced Training), to 
the different forms of clinical intervention ("Emotional Balance 
Management," etc.) and psychotherapy, if necessary, in order to 
restore psychological fitness and aptitude. 

This chapter also illustrates the necessity for preventive measures 
in order to avoid critical situations or cope with them appropriately. 
Critical incidents can have grave effects on an individual's health, 
performance, and motivation if they are not coped with adequately. 
In general, the objective is to continually develop prevention and 
coping strategies for the effects of stress, conflicts, risk exposure, and 
critical incidents. 

Finally, there is substantial demand for the availability of emer¬ 
gency and crisis psychology in order to offer psychological help and 
care in cases of chaos and trauma. EHelpers are affected as "second¬ 
ary victims" in emergencies. After overcoming the acute crisis, the 
trauma and post-traumatic disorders must be treated. 

In order to tackle all these tasks of clinical aviation psychology, a 
network of internal and external experts for clinical-psychological 
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consultation, care and therapy of affected aviation personnel should 
be made available. 
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Chapter 22 


Neuropsychological Disorders 
After Brain Injury and their Assessment 

Josef Zihl* ,+ and Herbert Jacobs 


DEFINITION 

Neuropsychological disorders are impairments of mental health that 
include cognition, i.e. attention, learning, memory, executive func¬ 
tion, language/speech, and sensorimotor functions, as well as moti¬ 
vation and emotion. (Behavioral) neurology, neuropsychology, 
psychiatry, and clinical psychology are involved in assessing these 
functional deficits. 

Neuropsychology has become a neuroscientific specialty and its 
interdisciplinary character requires collaboration with other disci¬ 
plines such as internal medicine and endocrinology. Clinical neu¬ 
ropsychology is concerned with assessing the cognitive, emotional, 
and behavioral consequences of brain dysfunction and their treat¬ 
ment. 1,2 Psychopathological symptoms such as affective and person¬ 
ality disorders are assessed in collaboration with clinical psychology 
and psychiatry. 

High mental fitness is an indispensable prerequisite for safe fly¬ 
ing. This prerequisite is critically related to the functional capacities 
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and capabilities of the central nervous system (CNS). Brain injury and 
its consequences are often not adequately assessed. When mental 
functioning and performance are evaluated, cognitive impairments 
and psychopathological symptoms are often neither diagnosed nor 
considered. The variability of functional disturbances with respect to 
their clinical significance possibly explains this shortcoming. 
Furthermore, small lesions with skull injuries in particular may not 
always be detected by brain imaging (CT, MRI). Significant functional 
impairments can therefore exist without detectable morphological 
brain defects. In addition, despite evidence of brain injury from brain 
imaging, functional disturbances can nevertheless be absent. A com¬ 
prehensive assessment of mental functioning requires objective, valid, 
and reliable psychometric tests. The personal history is an important 
component of the neuropsychological assessment although often of 
limited value. Patients seldom notice the cognitive impairment itself; 
they rather experience its effects on cognitive functioning, e.g. atten- 
tional impairments are often experienced as disturbances of memory, 
perception, and thought. Moreover, detection of cognitive deficits is 
often prevented by the patient's loss of insight into these distur¬ 
bances; this so-called anosognosia (from Greek, meaning "unaware¬ 
ness of illness") is caused by brain injury and is regarded as a distinct 
disorder (see Section on Awareness, Trivializing, and Malingering in 
Neuropsychological Assessment). In addition, individuals with "mild" 
functional impairments often trivialize the consequences in order to 
protect their occupational activities or social status. 

In summary, an objective, valid, and reliable assessment of the 
quality (type) and quantity (degree) of cognitive impairments is of 
high importance in aviation medicine and requires specific evalua¬ 
tion processes. A comprehensive assessment involves identifying not 
only the affected but also the preserved mental functions, i.e. a neg¬ 
ative and positive performance profile. Determining whether func¬ 
tional deficits are primary or secondary deficits is crucial in this 
regard. Disorders of visual perception can lead to secondary impair¬ 
ments of memory, executive function, language/speech, and sensori¬ 
motor activities. As attention is the essential prerequisite for all 
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mental functions, attentional impairment, depending on severity, can 
affect all mental areas. This also applies to disorders of motivation. 
Affective disorders such as depression influence a variety of cognitive 
functions, 3 which it is important to consider in neuropsychological 
assessments. 

Brain injury can have transient or chronic effects on its functional 
capacities (for a review, see Ref. 1). Despite high variability of etio¬ 
logy, the resulting mental syndromes and cognitive symptoms are 
usually not unequivocally related to the etiology of brain injury or 
disease. Disorders of cognition and personality can appear in isola¬ 
tion or in combination, which should be considered in the diagnostic 
evaluation. In the International Classification of Diseases (ICD-10), 
they are classified as "organic mental disorders" (FO). ICD-10 offers 
only very few differentiation categories for mental and/or cognitive 
syndromes or symptoms (i.e. F00-F06, particularly F02.8, but also 
F07.2). Personality changes (in part included under cognitive symp¬ 
toms such as F07.2) are classified as follows: 

F07 Personality and behavioral disorders due to brain disease, 
damage, or dysfunction 
F07.0 Organic personality disorder 
F07.1 Post encephalitic syndrome 
F07.2 Post concussional syndrome 

DOMAINS OF COGNITION AND THEIR ASSESSMENT 

Neuropsychological disorders vary with regard to their frequency of 
occurrence. Visual perception, attention, memory, and executive 
function are the most frequently affected cognitive domains. The 
resulting functional impairments are presented in detail in the fol¬ 
lowing sections; disorders of language/speech, sensorimotor func¬ 
tions, and calculation are only briefly discussed. A comprehensive 
account of the various neuropsychological disorders and their assess¬ 
ment can be found in Lezak et al. 2 
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Visual Perception 

Our knowledge of the physical and social environment, as well as of 
our body, relies on information processing in our sensory systems; 
processed information is then stored in the subcortical and cortical 
structures of which these systems are comprised. Perception is the 
most important prerequisite for recognition, experience and action. 
The visual system plays a special role as it processes the majority of 
information about the far and near environment. The mental repre¬ 
sentation of the external world is predominantly visual in nature. 
Visual information is therefore indispensable for spatial orientation 
and enables exploration, navigation, and grasping. 

The most common visual disorder caused by brain injury is a 
defect in the visual field (anopia), which affects the corresponding 
left or right hemifield (unilateral left- or right-sided homonymous 
hemianopia). The majority of patients with homonymous visual field 
defects have a relatively small residual visual field; in about 70% of 
cases the remaining visual field does not exceed five degrees. Typical 
functional consequences of homonymous visual field defects are the 
loss of overview, an impairment of visual scanning and visual search, 
and difficulties with reading (so-called hemianopic dyslexia). 

Visual acuity is, as a rule, not affected after unilateral postchias- 
matic injury. After bilateral injury, visual acuity may be unaffected yet 
it can also be impaired in such a way that visual acuity remains suf¬ 
ficient only for finger counting. Spatial contrast sensitivity (contrast 
vision), on the contrary, can be reduced after unilateral injury. 
Patients with this disorder report "blurred vision." Impairments of 
visual acuity or contrast vision primarily affect depth perception, 
visual recognition (particularly face identification), and reading. 
These impairments cannot be alleviated by optical correction. 

Impairments of color vision manifest themselves as reduced 
foveal color discrimination (cerebral dyschromatopsia) or as a com¬ 
plete loss of color vision in corresponding (homonymous hemichro- 
matopsia) or both hemifields (bilateral homonymous achromatopsia). 

Disorders of visual space perception primarily affect the exact 
localization of objects, which leads to secondary impairments of, for 
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example, visually-guided grasping and visual constructive skills; in 
some cases, reading and writing are also affected. The subjective 
visual straight-ahead direction may be shifted contralateral to the side 
of brain injury, which is frequently associated with homonymous 
visual field defects. Disorders of depth perception typically cause 
under- or overestimation of distances and impairments of stereoscopic 
(3D) vision. In cases with loss of stereoscopic vision, however, pos¬ 
sible reductions in visual acuity or contrast vision and disorders of 
oculomotor functions (vergence, fusion, accommodation), which are 
known to interfere with depth perception, should be taken into 
account. 

The (rare) impairment of visual recognition is also referred to as 
visual agnosia, i.e. the inability to visually recognize objects. Patients 
with visual agnosia misinterpret, for example, objects on the basis of 
identical or similar global (such as size, form) and/or local features 
(such as details of form, colors). Visual agnosia can be category spe¬ 
cific and it can be differentiated between visual agnosia for objects 
(object agnosia), faces (prosopagnosia), localities and areas 
(topographagnosia, environmental agnosia), and letters and words 
(pure alexia). 

Attention 

Attention is an essential prerequisite for all activities in various func¬ 
tional realms, especially for all non-routine activities and processes 
that require (intentional) attentiveness, i.e. concentration. Attention 
has two broad dimensions, i.e. intensity and selectivity, according to 
which disorders of attention can be classified. 

Disorders of the intensity dimension of attention primarily affect 
attention activation (alertness), information processing speed, cogni¬ 
tive performance speed, and the maintenance of attentiveness over 
time (sustained attention). Patients with a reduced cognitive process¬ 
ing speed ("cognitive slowing") require much more time for all cog¬ 
nitive tasks. Impaired sustained attention can manifest itself either as 
a reduction of the global level of attention or as a pathological fluc¬ 
tuation of attention when demanding tasks are performed. 
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Disorders of the selectivity dimension of attention include 
impaired focused or selective attention (concentration), divided 
attention, and spatial attention for one or both hemifields. Impaired 
divided attention can affect cognition and action in various ways as 
parallel multi-tasking is no longer possible and task components 
have to be executed serially (see also Section on Executive Function). 
For differential diagnosis, it is important to consider that selective 
attention crucially depends on the intensity aspect of attention. A 
reduction in attention intensity typically leads to secondary impair¬ 
ments of selective attention components. Disturbances of spatial 
attention include the unilateral (visual neglect syndrome) or bilateral 
restriction of the field of attention (Balint's syndrome). Both syn¬ 
dromes are rather rare but represent severe impairments for practi¬ 
cally all activities of daily living, including visual spatial navigation, 
visuomotor guidance, reading, and writing. Another attentional 
deficit concerns the (rapid) shift of attention between stimuli in 
space, which occurs typically after frontal brain injury. 

Memory 

Temporary or long-term storage of information is one of the main 
requirements for transforming information into action. Furthermore, it 
guarantees — by means of learning processes — the acquisition of cog¬ 
nitive routines and habits as well as storing experience. Processing and 
transient storage of information in working memory plays a particularly 
important role in spatial navigation. A disturbance of working memory 
is a very frequent memory deficit, which can occur in every sensory 
modality (e.g. visual, auditory), and for each category of information 
(e.g. forms, colors, objects, faces, places, signs, words, auditory signals, 
language). Other memory disorders are the loss of semantic memory 
(verbal, visual knowledge), episodic memory (memory for episodes and 
events), and autobiographical memory (personal experiences). Loss of 
remote memory (acquired semantic and episodic knowledge before 
brain injury) is labeled retrograde amnesia while the loss of storing 
new information (acquisition of knowledge by learning, storing of new 
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experiences, episodes and events after brain injury) is known as antero¬ 
grade amnesia. The terms "global amnesia" or "amnesic syndrome" 
refer to the combination of antero- and retrograde amnesia. 

Executive Function 

The concept of "executive function" includes higher cognitive processes 
and activities, i.e. planning and problem solving, supervision of one's 
own activities (monitoring), flexible adaptation to a changing envi¬ 
ronment and tasks, error detection, management and correction, as 
well as the evaluation of actions, also with respect to intentions and 
desired actions. Executive dysfunction (dysexecutive syndrome) 
causes an impairment or loss of these functions and capacities, affects 
the allocation of attentional resources (intensity, selectivity) as well as 
motivation and reward perception. These patients have difficulties in 
performing tasks that require multi-tasking. In addition, planning and 
problem solving cannot be flexibly adapted to changing task condi¬ 
tions anymore, which affects optimizing action strategies. Motor or 
action control may also be affected, and difficulties with response 
inhibition emerge, i.e. responses are made to stimuli or changes in the 
environment, which should be ignored. The guidance of behavior 
lacks cognitive control. As a consequence, considering changing task 
conditions for decision making is no longer possible, and rigid behav¬ 
ior emerges. The loss of cognitive flexibility also manifests itself as per- 
severative responses, i.e. the patient is unable to change his or her 
behavior although the task requires a different response. Lack of 
response inhibition can also affect social behavior. Social signals 
immediately "trigger" (inappropriate) behavior, characterized by 
impulsivity. Another symptom of the dysexecutive syndrome is the 
supramodal impairment of working memory (see Section on Memory). 

Language 

Disorders of language and speech after acquired brain injury (i.e. 
any brain injury that happens after birth) are called "aphasia." 
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Aphasias are supramodal disorders that affect understanding and 
producing spoken and written language (reading and writing). 
Commonly, aphasia occurs after injury to the language-dominant 
(usually left) cerebral hemisphere. Aphasias are classified according 
to speech production (fluent versus non-fluent aphasias), or accord¬ 
ing to the main pathological symptoms with regard to semantic 
memory (amnesic aphasia), speech production (Broca's aphasia), 
and understanding of speech (Wernicke's aphasia). The combination 
of Broca's and Wernicke's aphasia is referred to as global aphasia. 
These aphasic syndromes typically occur after focal strokes in the 
language-dominant hemisphere. Traumatic brain injuries can cause 
a combination of divergent aphasic symptoms, which cannot be 
classified as one of the four syndromes mentioned. Reading and 
writing can be affected selectively (so-called pure alexia and pure 
agraphia). 

Calculation 

Disturbances of calculation abilities are frequently associated with 
an aphasic syndrome, yet selective calculation deficits do occur. 
Typical symptoms are loss of operational knowledge (addition, sub¬ 
traction, division, multiplication) or of meaning of the spatial digit- 
positions within a number, or an impairment of estimating the order 
of sizes. 

Sensorimotor Functions 

Sensorimotor functions include sensorimotor coordination with 
respect to hand and finger movements and visually guided oculomo¬ 
tor activities. In ocular apraxia, the intentional spatio-temporal guid¬ 
ance of the scan path, and therefore visual scanning and exploration, 
is impaired. This impairment can be identified best by recording eye 
movements. The registration of eye movements is also a valuable tool 
for diagnosing disorders of visual scanning and visual exploration 
associated with homonymous visual field loss, visual spatial disori¬ 
entation, and visual neglect. 
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Important Factors Influencing Neuropsychological 
Assessment 

A variety of factors have to be taken into consideration when plan¬ 
ning and performing a neuropsychological examination in order to 
prevent false positive or negative assessment outcomes: 

• Peripheral sensory disorders (e.g. visual, auditory) can, depend¬ 
ing on their severity, interfere with the correct application of 
neuropsychological tests. 

• Cerebral visual disorders as well as oculomotor disorders 
(accommodation or vergence) have a negative impact on assess¬ 
ing cognitive functions as most tests require adequate visual 
functions and capacities (especially overview, visual acuity, and 
contrast vision). 

• Disorders of hand function reduce the applicability of many test 
procedures, as nearly all tests require either a motor response or 
finger movement skills (e.g. paper-pencil tests). 

• Speech and language disorders prevent an adequate comprehen¬ 
sion of task instructions, and may distort the assessment of verbal 
memory. 

• Sedating and stimulating medication can alter the examination 
results as they affect attentional functions, which can cause sec¬ 
ondary impairments of memory and executive deficits. 

Interpretation of Neuropsychological Test Results 

Assessing cognitive impairments after acquired brain injury requires 
an estimate of the individual premorbid intellectual level; otherwise, 
poor cognitive performance might be incorrectly interpreted as 
deficit. 

For estimation of the premorbid intellectual level, the following 
strategy can be used. According to the two-factor theory of intelli¬ 
gence proposed by Cattell, 4 human intelligence consists of "fluid" 
and "crystallized" intelligence. Fluid intelligence is understood 
as cognitive-intellectual potential, which is largely independent of 
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culture and education. Basic cognitive functions, e.g. the information 
processing, cognitive speed, storage of information, and the ability to 
create logical connections for non-verbal, numerical, and culture- 
free material are components of fluid intelligence. Crystallized intel¬ 
ligence develops by learning (practice) and optimizing cognitive 
abilities, which result in successful and flexible routines and skills. 
Crystallized intelligence therefore depends crucially on education 
and cultural background. 

Since crystallized intelligence is less vulnerable than fluid intelli¬ 
gence, it is a useful measure for individual premorbid intelligence. 
A standardized measure for the assessment of crystallized intelligence 
is, for example, vocabulary (recognition conditions). Vocabulary 
strongly depends on the level of education and is highly correlated 
with the overall intelligence of the individual. The case history 
(anamnesis) and information about education/occupation as well as 
strengths/weaknesses in cognitively demanding activities provide 
additional information. This information is also valuable for estimat¬ 
ing individual differences regarding the overall intelligence level due 
to particular skills or special training, and builds the framework for a 
more valid interpretation of the individual test results in terms of 
"normal" or "impaired." The assessed cognitive performance level of 
an individual can then be compared with the respective expected 
level. In addition, standardized norm data are used for interpreting 
specific test results. 

For valid and reliable neuropsychological test results, it also has 
to be considered that reduced cognitive performance might also be 
caused by normal mental aging processes, increased distress experi¬ 
enced in the testing situation, and uncertainty about one's own per¬ 
formance capabilities. Expectations of the subject, difficulties in 
comprehending task instructions, concerns regarding one's own 
occupational and/or private future, increased (internal) distractibility, 
and symptoms of depression and anxiety may also affect cognitive 
performance during neuropsychological assessment. Furthermore, 
the outcome of neuropsychological tests can also be influenced by 
functional substitution or compensation of the deficit. For example, a 
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visual field loss may be compensated by systematic gaze shifts so that 
more time is required to perform a task; this may incorrectly be inter¬ 
preted as cognitive slowing. A subject with memory difficulties may 
use written notes or special time organizers to cope with this impair¬ 
ment in daily life. Reduced perceptual and cognitive capacities may 
thus become evident in conditions where the subject cannot ade¬ 
quately compensate for his functional impairments. 

Diagnostic classification relies on the results of the neuropsycho¬ 
logical assessment. Significant deviations from standardized norm 
data indicate a reduction, i.e. impairment, of the assessed cognitive 
function. Yet, the variety of factors that can distort test results and 
their interpretation has to be taken into account. These influential 
factors should be considered when assessing cognitive performance 
and interpreting the outcome in the various cognitive tests. 

Awareness, Trivializing, and Malingering 
in Neuropsychological Assessment 

It is generally understood as "normal" that brain-injured subjects 
have sufficient awareness of and insight into their functional dis¬ 
abilities (handicaps); this is, however, only partly true for subjects 
with acquired brain injury. This also raises the question: what kind 
of behavioral reaction to acquired cognitive impairments can be 
classified as "normal" or "adequate" in this undoubtedly pathologi¬ 
cal condition? 

Individual personality traits and life experiences certainly play 
an important role in gaining insight into functional impairments 
after brain injury. Factors of "pathological" nature that hinder the 
subject to detect, analyze, and interpret correctly his or her func¬ 
tional deficits can only be adequately assessed by means of a valid 
clinical psychological and psychiatric interview and assessment 
with standardized tests. It sometimes remains unclear whether and 
to what extent subjects are able to detect their functional deficits 
and interpret them adequately. For example, 20-30% of patients 
with hemiplegia and about 30% of patients with homonymous 
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hemianopia are not aware of and have no (full) insight into their 
disorders. Often, disorders are attributed to external factors, i.e. 
patients are convinced that they are perfectly healthy and it is the 
external world that has changed. This loss of awareness and insight 
into one's own functional deficits is called anosognosia and is 
understood as a genuine disorder after acquired brain injury, which 
cannot be explained by (premorbid) personality traits or by global 
cognitive deterioration. 5 Yet, reduced awareness and "insight" can 
also be caused by other factors. Subjects may implicitly make use 
of compensatory strategies so that the impairment is not (fully) 
"noticeable" for him or her in daily life. Some subjects report cog¬ 
nitive difficulties without being able to classify them correctly 
according to the primary affected cognitive domain (e.g. attention 
or memory). 

Functional impairments and their consequences may also be 
experienced as embarrassing and are therefore often trivialized or not 
at all reported by the patient. This may also apply to the patient's rel¬ 
atives when they are asked for the patient's difficulties in everyday 
life activities. Trivializing the resulting consequences may also be 
used in order to protect occupational activities or social status. The 
severity of functional deficits can also be intentionally exaggerated, 
often motivated by wish of secondary gain such as early retirement 
and various kinds of compensation or insurance claims. Detecting 
such tendencies requires different observational methods, and malin¬ 
gering is likely when ... 

• the patient has an incentive to exaggerate or simulate symptoms 

• subjective complaints are inconsistent with the neurological, 
psychopathological, or neuropsychological condition 

• premorbid personality disorders exist 

• reasonable doubts exist concerning the patient's efforts during the 
examination 

• results from neuropsychological tests are contradictory and 
invalid as is the case if, for example, results from tests with low 
cognitive demands are worse than those from tests with higher 
demands. 
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PERSONALITY DISORDERS OF ORGANIC ORIGIN 
Symptomatology 

Personality changes and disorders are often associated with cognitive 
disorders and can occur as consequences of acquired brain injury. 
An accentuation of premorbid personality traits are referred to as 
(quantitative) personality changes, whereas an altered affect and low¬ 
ered impulse control is referred to as a (qualitative) personality dis¬ 
order. Relatives or colleagues often regard such behavior as strange 
when compared to premorbid personality characteristics. Personality 
changes and disorders manifest themselves as motivational disorders 
(e.g. reduced motivation), behavioral disinhibition (increased dis- 
tractibility, logorrhea, aggressive behavior), and affect lability. These 
symptoms typically occur after frontal lobe injury, are commonly 
associated with executive disorders (dysexecutive syndrome; see 
Section on Executive Function), and are part of the "frontal lobe syn¬ 
drome". Affect lability and response disinhibition are sometimes also 
associated with a deficient adequate evaluation of one's own capa¬ 
bilities and performance. These symptoms pose severe limitations, 
and are therefore particularly disabling for patients with professions 
that require highly demanding cognitive capacities, a high level of 
social competence, and superior responsibilities. 

Diagnostic Problems 

Personality changes caused by acquired brain injury are often not 
reliably detectable with standardized tests. Psychological personality 
inventories are not suitable because they do not allow identification 
of personality changes or disorders. Furthermore, it should be noted 
that the predictive value of personality questionnaires critically 
depends on the ability and willingness of the subject to provide reli¬ 
able information. Many items address (actual) behavior and experi¬ 
ences, and attitudes, which are rather stable over time. 

Personality changes after brain injury are often not experienced 
by the subject or the relatives, because accentuations of personal 
traits are often hardly noticeable. Patients with significant behavioral 
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deviations often attribute the effects of these deviations to other peo¬ 
ple. The required diagnostic information can therefore only be 
obtained by carefully establishing case histories and collecting infor¬ 
mation from relatives and colleagues. 

Case histories and information from others may not be suffi¬ 
ciently reliable to provide an adequate basis for a diagnostic state¬ 
ment regarding personality changes or disorders. Changes have to 
persist for a certain period of time to be noticed and experienced by 
the patient who then becomes aware of possible consequences in a 
given social context. Associated cognitive, language, and speech 
disorders usually have to diminish or become at least stable before 
personality changes become unequivocally evident. Yet, not all per¬ 
sonality changes are caused by the brain lesion itself but rather 
emerge as a consequence of the functional limitations after brain 
injury. Functional limitations can lead to changes in personal inter¬ 
ests and attitudes, biased interpretation of situations and the behav¬ 
ior of others, "unusual" affective responses, and sometimes, radical 
changes in habits. Thus, personality "changes" may represent inap¬ 
propriate or appropriate coping strategies. Personality changes and 
disorders after acquired brain injury have to persist for a substantial 
period of time before a definitive diagnosis can be made. 

AN ILLUSTRATIVE CASE 

Mr. FH, a military helicopter pilot, was involved, together with his 
wife, in a motor vehicle accident. A vehicle from the oncoming 
traffic came into his lane and collided with his vehicle. His wife 
was only slightly injured, but since then suffered from nightmares 
related to the accident. Mr. FH was seriously injured, suffered 
severe head injury, and remained in a comatose state for six days. 
Brain imaging showed a cerebral contusion. After discharge from 
the hospital, he was referred to a rehabilitation center. A few 
months later, he underwent a neuropsychological assessment; at 
that time, he seemed to have almost totally recovered. FHe showed 
full orientation concerning person, place, and time. FHis verbal IQ 
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was 118. Considering his educational and professional status 
(completion of professional technical school, helicopter training, 
and officer in the German Air Force), this IQ result was regarded as 
being similar to his premorbid intelligence level and therefore as 
being equal to the expected intellectual/cognitive level. Cognitive 
speed and verbal memory performance were significantly lower 
than the expected (or pre-morbid) values. Visual retention perform¬ 
ance was significantly below average. Analytic-synthetic and spatial- 
cognitive abilities were normal. Sustained attention was below the 
range of average. 

After this initial neuropsychological assessment, Mr. FH was 
examined every six months. During each examination he expressed 
the hope to be able to fly again soon, which, in his view, he had not 
been allowed to do "because of the doctors." Personality changes 
were not observed. FHe had no memories of the accident, which he 
experienced as an "uncomfortable void," yet at the same time he was 
happy that he was not haunted by nightmares like his wife. 

Two years later, there was no longer any evidence of morpho¬ 
logical brain injury from brain imaging. Only minimal deficits in 
visual memory and a slight reduction of cognitive speed were iden¬ 
tified in neuropsychological assessment. FHowever, in his daily life 
he noticed pronounced concentration deficits, particularly over 
longer periods of time. FHe returned to work but could not cope 
despite low task demand and reduced workload (he worked only for 
a few hours daily). At this point, he began to understand that flying 
a helicopter would exceed his concentration and memory capacities 
as well as his ability to process information quickly and accurately. 
FHe experienced a change in affective reactivity and noticed a reduc¬ 
tion of his cognitive flexibility. Furthermore, he reported that in the 
first year after the accident, for reasons unknown to him, he was 
often quite aggressive and even hit his wife. FHe regarded his behav¬ 
ior as totally strange, inadequate, and as being inconsistent with his 
personality. This was extremely embarrassing for him and he felt 
very sorry for it. Fortunately, these aggressive outbursts disappeared 
later on and his self-control returned to normal. His impression was 
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that he was now much more stable, was able to accept his situation, 
and had learned how to cope with his impairments and their con¬ 
sequences for his professional and private life. 

SUMMARY AND FINAL REMARKS 

Neuropsychological and clinical psychological diagnoses require 
an adequate and comprehensive assessment of impaired and intact 
cognitive functions, level of adaptation to the deficits in terms of cop¬ 
ing strategies, psychopathological symptoms, and premorbid person¬ 
ality traits. It also requires subjective reports from the patient, family 
members and colleagues about the various functional consequences. 
Behavioral observations during assessment can also provide addi¬ 
tional information; it is important to observe how patients deal with 
the demands of particularly challenging tasks as well as take notice 
of characteristic error types, the motivation to cooperate and make 
every effort, and fluctuations of the performance level over a testing 
period of about two hours (i.e. the average duration of a neuropsy¬ 
chological examination). From a methodological viewpoint, stan¬ 
dardized tests fulfilling the criteria objectivity, reliability, and validity 
should be preferred. Experimental procedures may be useful if stan¬ 
dardized procedures are not available to assess the functional impair¬ 
ment of interest. Adequate norm data that correct for age, sex, and 
education are required for ensuring a valid diagnosis. Finally, it 
should also be noted that non-neurological diseases can cause cog¬ 
nitive disorders if the CNS is indirectly affected, e.g. in diabetes, hor¬ 
monal disorders, heavy metal or organic solvent intoxication, and 
drug abuse. 

Personality indices or symptom lists should not be used to vali¬ 
date or exclude cognitive or other functional disturbances. This also 
applies to intelligence tests as the resulting total or partial scores do 
not provide evidence for reliable conclusions regarding underlying 
functional disturbances. For example, disorders of (visual) informa¬ 
tion processing systems or attention cannot be detected by using 
a subset of such tests because of their insufficient validity. 
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Considering the requirements for piloting an aircraft, (visual) infor¬ 
mation processing, attention, and executive abilities (e.g. problem¬ 
solving, monitoring of activities) are of great importance. These 
cognitive domains also represent the determining factors of the so- 
called multi-tasking performance and therefore should be particu¬ 
larly considered in assessing and diagnosing neuropsychological 
disorders in aviation medicine. 

Considering the complex cognitive and psychomotor require¬ 
ments in aviators, even minimal evidence of reduced performance 
and/or personality changes due to acquired brain injury require 
immediate assessment and should be taken seriously. Of course, 
assessing the relevant cognitive and psychomotor functions requires 
tests with high ecological validity, computerized flight simulation 
tests, and possibly even real flights check. 


GLOSSARY 
Brain dysfunction 

Any kind of consequence of pathological alterations of brain function 
due to structural, biochemical, or other causes, including diabetes, 
intoxication, metabolic disorders, etc. 

Cognition 

All forms of knowing and awareness, including perception, attention, 
learning and memory, and executive functions (planning, problem 
solving, monitoring, etc.). Cognitive abilities are skills of, or aptitudes 
for cognition. 

Intelligence 

Ability to select information, learn from experience, adapt to the 
environment, interpret and correctly utilize problem solving and 
planning. 
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Multi-tasking 

Carrying out several tasks in parallel or in succession, which requires 
monitoring, task switching, and maintaining future goals while 
current goals are being dealt with. 

Personality 

The configuration of characteristics and behavior that comprises an 
individual's adaptation to life, including drivers, interests, abilities, 
major traits, values, self-concept, and emotional/affective patterns. The 
complex integration of this configuration includes among others 
hereditary and constitutional components, individual cognitive and 
social experiences, and culturally conditioned values and rules. 
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Chapter 23 


The Man-Man Interface in the Man-Machine 
System of Commercial Aviation Aircraft 


Reiner W. Kemmler* 


INTRODUCTION 

Flight safety standards in commercial aviation are remarkably high 
compared to other transportation systems. lATA-statistics for recent 
years show 15-25 hull loss accidents per year of commercial aircraft 
(over 20 tons gross weight) among IATA members. 

Due to the small statistical sample size, these events cannot be 
used as an empirical basis for analysis of the pilot's impact on flight 
safety. An optimum alternative approach is to interrogate a large num¬ 
ber of professional airline pilots regarding their experience with safety¬ 
relevant in-flight situations, how they were involved in these events, 
and how they recovered from them. This concept was designed and 
carried out for all Lufthansa flight operations: Passenger Airline, 
CityLine, Cargo and Condor. 1,2 The lATA-accident category system was 
the basis of this "Cockpit Safety Survey" and consisted of four causal 
factors: Technical, Environmental, Organizational, and Human. 

Based on the assumption that human factors not only consist of 
failures and errors, but also of social interaction deficits, these latter 
were included as aggravating factors. For statistical analysis, the 
lATA-category environmental and organizational factors were put 
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together into one, pilot-independent factor, called operational. 
Human factors were differentiated into two: pilot failures/errors and 
social interaction deficits. 

The expectation was to obtain more valid information regarding 
dangerous flight safety components, especially the influence of 
human factors in various combinations. 

Determinants of Safety-Relevant Flight Situations 

An anonymous questionnaire was distributed to 4400 pilots of all 
four Lufthansa flight operations. 2070 (47.2%) pilots responded, and 
only 73 (3.5%) of them reported no events. How pilots experience 
the event-determining factors was one of the central questions. Are 
there mainly single causes responsible for events or are combinations 
of several factors more frequent? 

Interestingly (see Table 1), social interaction deficits do not play a 
significant role as a single cause. Technical factors rank highest at 
7.7%, significantly higher than human failure. 


Table 1. Frequency Distribution by Event-Configurations 


Single Factors (14.5%) 

Technical 

7.7% 

Human failure/error 

4.9% 

Social interaction deficits 

0.7% 

Operational 

1.2% 


Table 2. Frequency Distribution by Event-Configurations 


Combination of Two Factors (30.8%) 


Human failure/error + social interaction deficits 13.7% 


Operational + human failure/error 8.3% 

Technical + Operational 4.1% 

Technical + social interaction deficits 2.6% 

Operational + social interaction deficits 1.2% 

Technical + human failure/error 0.9% 
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Table 3. Frequency Distribution by Event-Configurations 


Combination of Three Factors 


Operational + Human failure/error + Social interaction deficits 37.8% 

Technical + Operational + Social interaction deficits 4.1% 

Technical + Operational + Human failure/error 2.5% 

Technical + Human failure/error + Social interaction deficits 1.9% 


The largest number of two-factor combinations (see Table 2) comes 
from human failure/error and social interaction problems. The common 
perception that a combination of human failure and technical factors 
is the most dangerous combination for flight safety is not supported by 
these results. On the contrary, it is the least important combination. 

Most of the safety-relevant events are created by a combination 
of three factors. Two of them are human factors and one is opera¬ 
tional. Operational factors in our survey represent pilot-independent 
characteristics, e.g., weather conditions, airport features, or organi¬ 
zational conditions (see Table 3). 

These results focus on the importance of social skills and com¬ 
petence. We like to name this dimension "turbo-factor," because its 
effect boosts the combination of human failure and operational fac¬ 
tors by a factor of nearly five. 

In the history of flight safety, the most catastrophic accident in 
commercial aviation happened in March 1977 at the airport of 
Tenerife. It was the consequence of three such factors. Under 
extreme weather conditions two B-747 jumbos collided on the 
ground. In addition to the operational (airport) conditions — low vis¬ 
ibility due to heavy fog — human errors and interpersonal deficits 
played a major role in the cockpit of one of the aircraft. The collision 
resulted in 583 fatalities. 

This accident is also remarkable for giving rise to the concept 
of crew resource management. 3 Since that time much effort has 
been given to crew resource management training and emphasis 
has been placed on the improvement of social skills in cockpit 


crews. 
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Table 4. Frequency Distribution by Event-Configuration 


Combination of Four Factors 


Technical + Operational + Human failure/error + Interpersonal deficits 9.1% 


All four factors are present only in 9.1 % (seeTable 4) of all events. 
It seems that technical factors when combined with other factors have 
a reducing effect on the number of events, possibly due to the use of 
checklists indicating suitable procedures. Checklists may have a con¬ 
trolling effect on human factors and thus improve the situation. 

Further studies and discussions are necessary to determine 
whether checklists and detailed procedures to specifically control 
human factors would be helpful and should be established. In the 
basic flight training program there are currently some commonly 
required training lessons called FHuman Performance and Limitations, 4 
Crew Resource Management, 5 Line Oriented Flight Training (LOFT) 
and/or Threat and Error Management 6 for line pilots. 

Social Interaction Deficits 

All behavior items in the questionnaire that indicated social interac¬ 
tion deficits underwent a statistical factor analysis. The most plausi¬ 
ble result was a four-factor structure with the following interaction 
deficit dimensions: 

1. Information management between persons 

2. Quality of communication 

3. Impaired fitness for duty 

4. Social climate 

These four dimensions reflect the cockpit crew's problems when 
handling social interactions. 

The most prominent is the transfer of information among 
crewmembers in the cockpit and between the cockpit and cabin 
crew, ATC, and other people in the air or on the ground. The second 
is the quality of communication, which is surprising as there is 
already a highly standardized phraseology in use in aviation. 
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The third dimension indicates the importance of the cockpit 
crew's situational (psycho-physiological) state, which significantly 
influences the social interaction. Social climate stands for sponta¬ 
neous situational parameters of open-mindedness and sympathy ver¬ 
sus ignorance and aversion. 

All four behavior characteristics describe the broad spectrum of 
social interrelations. 

In detail, the dimensions consist of a variety of specific behavior 
markers: 

Information management 

This dimension focuses on information transfer among persons, not 
only between persons and electronic systems. It is the most impor¬ 
tant behavior category. It refers to problems with information 
exchange among cockpit crew members, with cabin crew members 
and ATCO's or other people in the air or on the ground. 

Behavior markers of this dimension are: Relevant messages not 
transferred, important statements disregarded, doubts not expressed, 
and distractions due to inadequate communication, all defined as 
transfer of information. 

Quality of communication 

This dimension generally focuses on the so-called "authority gradient." 
There is either a steep gradient due to a very dominant person, usually 
the captain, or a flat or even reverse gradient. 

The behavior markers are: Solo attempt, lack of crew coordina¬ 
tion because of distraction, authoritarian behavior, and too close 
relationships between crew members so that discipline is reduced. 

Impaired fitness for duty 

The third dimension indicates the importance of the cockpit crew's 
situational state, which significantly influences social interaction. 

The behavior markers are: Physical and/or psychological strain. 
Physical strain is mostly related to fatigue caused by change of bio¬ 
rhythm due to time zone shift or flight schedule. 
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Psychological strain is linked predominantly to emotional states 
(anger, frustration) and interpersonal conflicts. An interpretation of 
this could be that these markers oppose each other with regard to 
arousal on a psycho-physiological dimension. 

Social climate 

Social climate stands for situational parameters of open-mindedness 
and sympathy versus ignorance and aversion. 

The behavior markers are: Disorganized and irritating behavior, 
lack of self-assertion, and unnerving, intimidating behavior. 

These markers describe strange behaviors of people working 
closely together in a team. It seems as if this is an effect of team mem¬ 
bers' cognitive and emotional incongruence, which can only be 
resolved if immediately addressed. 

Safety-Relevant Determinants and Risk 

In order to assess how dangerous the safety-related events had 
been, pilots were asked to estimate the degree to which they had 
lost control over the situation they were describing in the survey. 
They could respond on a scale from 1: "there was a risk, but no 
impairment of safety," up to 6: "the situation was completely out of 
control." The distribution of the mean risk (see Table 5) for all four 
event analysis categories in the survey indicates how detrimental the 
effects of social interaction deficits were. 

Technical problems produce the least risk, social factors the high¬ 
est. What is noteworthy is that operational factors in combination 


Table 5. Risk Scale 


Event-analysis Category 

Mean 

Technical factors 

3.28 

Human failure/error 

3.46 

Operational factors 

3.47 

Social interaction deficits 

3.49 
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with social factors lead to the highest risk (3.62). The combination of 
operational problems with social factors and human failure/error 
result in a risk level of 3.56. All four factors combined create a risk 
level of 3.52. It is important to note that a risk level of over 3.5 indi¬ 
cates partial loss of control over the situation. 

Conclusion and Consequences 

For a long time most flight safety experts have concentrated on 
human failure and error. Since the end of the 1970s, there has been 
an increased focus on human factors in flight safety. 

In the beginning it was unclear what specific aspects of social 
interaction, besides behavior markers of specific authority and com¬ 
munication, would influence performance and flight safety, and in 
which way. 

Now we can state that not only human failure and error but also 
specific human interaction skills play a decisive role in the cockpit of 
commercial aviation aircraft. The most prominent and most danger¬ 
ous combination of factors is that of human factors (human 
failure/error plus social interaction deficits) with pilot-independent, 
operational factors. The consequences are always, to some degree, 
loss of control over the situation. 

In addition, global statistical analyses, such as the Annual Safety 
Reports from IATA, do not encompass research about combinations 
of different causative factors and their inherent risk levels. It seems a 
great step forward now to know much more about human factors on 
the basis of this large and representative research study. 1,2 

Since the beginning of specific human factor training activities, 
several generations of Crew Resource Management-Training have 
been developed. It is obvious that these countermeasures in com¬ 
bination with permanently optimized pilot selection are still not 
sufficient. 

This could be the result of a didactic problem of training, an effect 
of financial restrictions, or a consequence of being unable to differ¬ 
entiate clearly between a variety of social interaction factors and their 
effects. Social factors belong to a very complex culture-dependant 
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field of human behavior parameters, which are not easy to identify in 
a closed workplace like the cockpit of a commercial aircraft. 
Furthermore, trustful cooperation between pilots, human factor 
experts and research institutions is necessary if significant progress in 
this complex area is to be achieved. For the sake of flight safety, such 
cooperation is urgently needed. 
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Chapter 24 


Passenger Health 


Petra A. Illig* 


INTRODUCTION 

Aviation medicine has historically focused on the health of cockpit 
crew members with an occasional nod to the cabin and ground crew. 
In the last few years, attention has begun to be paid to the health of 
passengers as well, especially those whose medical problems could 
be exacerbated by the physical stressors of flying. 

More than one billion (10 9 ) people travel by air every year 
throughout the world. Despite the financial struggles of the airline 
industry, airline travel is currently growing, and is estimated to double 
over the next 20 years. 1,2 The advent of super jumbo aircraft such as 
the Airbus A380, which carries more passengers for longer times over 
greater distances, combined with an aging flying population, makes 
the incidence of on-board medical emergencies likely to increase. 3 

Airline companies are increasingly challenged to provide rea¬ 
sonable medical assistance to ill passengers. For example, since April 
2004, automated external defibrillators (AED) and enhanced emer¬ 
gency medical kits (EEMK) have been required by the Federal 
Aviation Administration (FAA) to be on board all US passenger air¬ 
liners with a minimum payload capacity of 7500 pounds and ser¬ 
viced by at least one flight attendant. Passengers who are physicians 
often find themselves volunteering to assist in medical emergency 
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situations and can find themselves outside their clinical comfort 
zones. Unnecessary diversions based on medical incidents are costly 
to the airline industry and very disruptive to the passengers. In today's 
legal atmosphere, airlines are less likely to allow flight attendants to 
give even simple advice for commonly encountered in-flight medical 
problems, such as ear pain caused by cabin pressure changes. 

In response to consumer pressure and media sensationalism, pas¬ 
senger health has become an issue visible enough to be addressed by 
the US Federal Air Surgeon . 4,5 Some articles and studies have been pub¬ 
lished in general medical literature , 7,18,19,24 and most recently, passenger 
health has its own chapter in a reputable textbook of aerospace medi¬ 
cine . 8 Several medical specialty societies have chimed in as well . 6,13 

Reports on passenger health by industry groups, such as the 
International Air Transport Association (IATA ), 9 government (FAA ), 11,12 
as well as international professional groups, especially the World 
Health Organization (WFHO ), 27 the International Civil Aviation 
Organization (ICAO) and European Civil Aviation Conference 
(ECAC), have also been published . 16 

Airline companies are increasingly publishing basic passenger 
health advice on their websites. Even the FHouse of Lords in the British 
Parliament has taken an interest in passenger health issues, primarily 
in the area of cabin air quality and traveler's thrombosis . 17 

Through their knowledge of aviation physiology, aerospace med¬ 
icine practitioners usually have a greater awareness of the challenges 
facing passengers with chronic and acute medical conditions than 
their terrestrially oriented colleagues. There are numerous factors that 
primary care physicians and their passenger-patients might not rec¬ 
ognize as being potentially problematic, especially on long flights. It 
is quite common for patients to be discharged from hospitals and sent 
home via commercial airlines rather than air ambulances, often with 
little consideration given to possible deterioration en route. Patients 
who normally use supplemental oxygen at home will at times decide 
not to arrange for in-flight supplemental oxygen due to the expense, 
not understanding that cabin pressure is kept to a much higher altitude 
than that to which they are accustomed. Terminally ill individuals 
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will often try to fly great distances to die at home, and sometimes 
may not survive to reach their destination. 

Traditional travel medicine will not be covered in this chapter, as 
the focus here is primarily on in-flight passenger health issues. 
Immunizations and prophylactic medications are well-defined in 
other publications, and are also easily available through the websites 
of the World Health Organization (WHO) (http://www.who.int/ith/en/) 
and the Center for Disease Control and Prevention (CDC) (http:// 
www.cdc.gov/). Air ambulance issues will also not be covered in this 
chapter, as these are outside the realm of this subject matter and can 
be found in numerous other publications. 

INCIDENCE OF IN-FLIGHT AND POST-FLIGHT 
MEDICAL EVENTS 

It is difficult to accurately determine the incidence of passenger med¬ 
ical emergencies on-board commercial aircraft, as there are no regu¬ 
latory requirements within the aviation industry to keep track of such 
events. The few studies that have been done indicate that in-flight ill¬ 
ness is a rather uncommon event and is usually minor in nature, 
although serious conditions do occur. 18 

It has been estimated that about one in 10 000 to 40 000 passen¬ 
gers has a medical incident during air transport. 18,20 Of these, approx¬ 
imately one in 150 000 requires use of in-flight medical equipment or 
drugs. From a variety of studies, deaths have been estimated at 0.04 
to one per million passengers. However, in one review of eight years' 
data by IATA, derived from international carriers, a death rate of 
0.3 per million passengers was found, with about two-thirds of these 
deaths having been caused by cardiac problems. 19 

One can extrapolate from these data that a few hundred deaths 
may be occurring annually worldwide on board commercial aircraft 
at current air travel rates. 

According to Dr. Jon Jordan (Federal Air Surgeon 1969-2005), 
during a mandatory reporting year duly 1998-June 1999) in the 
United States, the FAA received airline reports of "188 deaths or 
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threat-of-death incidents resulting in a total of 108 deaths, 43 of 
which occurred inflight." 5 It is estimated that 600 million passengers 
flew on US domestic carriers during that study year. 

In a study of the medical events of a major US carrier, 20 there 
were over 2000 reported events during one year, at a rate of about 
two medical complaints per 100 flights. There were seven in-flight 
deaths. An automated external defibrillator (AED) was used 32 times 
(most often as a monitoring unit rather than for providing shocks), 
and emergency medical kits were used nearly 1200 times. 

According to one in-flight medical advisory company, MedAire, 
their 2002 statistics 21 revealed that "flight crews of 40 airlines called 
on the ground-based physicians more than 8400 times for assistance 
in dealing with in-flight medical incidents and emergencies — the 
most common of which was people fainting." More than 65% of all 
in-flight medical emergencies fell under one of just five different 
types of events: 

1) Vasovagal (i.e., syncope) — 21.5% 

2) Gastrointestinal — 15.4% 

3) Respiratory — 10.2% 

4) Cardiac — 9.6% 

5) Neurological — 8.7% 

It is reassuring that with the availability of trained flight attendants, 
on-board medical kits and AED's, ground-based medical consultants 
(when available), and in-flight volunteer medical assistance, medical 
care is almost always available during long haul flights. It should 
be noted that use of emergency equipment such as an AED is only 
effective if there is a medically appropriate diversion site available 
within a short period of time. Successful resuscitations cannot be 
expected in flights where there are no such diversions possible, such 
as over oceans or polar routes. EHowever, it is clear that pre-flight 
evaluation of patients with medical conditions is the key to avoiding 
many such on-board medical emergencies. Only with more research 
will it be possible to intelligently develop more focused prevention 
strategies. On-board medical emergencies increase risk not only to 
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other passengers, but can also affect the safety of the flight itself, not 
to mention the financial burden associated with diversions. If little is 
known about in-flight medical events, even less is known about post¬ 
flight medical incidents that could be related to air travel. A common 
concern is deep venous thrombosis (DVT), also known as traveler's 
thrombosis, and the potentially deadly sequel of pulmonary emboli 
(PE). Current research appears to support that there is no greater risk 
from flying than from other forms of transportation requiring long 
periods of immobility. 22,26 

Other potential post-flight problems, such as communicable dis¬ 
eases, have also not been quantified, even though perceived by the 
traveling public as being problematic. They are often incorrectly 
assumed to be caused by recirculated cabin air. In today's environ¬ 
ment, concerns associated with potential new pandemics such as 
SARS and H5N1 avian influenza, as well as old communicable dis¬ 
eases such as tuberculosis and measles, make it even more important 
to understand the factors involved in the transmissibility of infectious 
illnesses of public health concern. Additional issues on the horizon 
are hypoxia and possible acute mountain sickness, 14 bioterrorism, 
cosmic radiation, and health risks associated with disinsection. 

IS THERE A DOCTOR ON BOARD? 

The majority of commercial flights in the US seem to have a physi¬ 
cian or other health care provider on-board. 23 Whether or not they 
identify themselves as such at the time of an on-board medical event 
is dependent on a number of factors. These could include the coun¬ 
try in which the doctor is registered to practice, his or her clinical 
specialty, concerns about liability, prior ingestion of alcohol, per¬ 
sonal desires not to become involved, and other medical consultants 
available to the flight attendant. This was illustrated by a study of one 
airline where doctors offered to help in nearly a third of the incidents, 
nurses about 10% of the time, and others, such as paramedics, 
helped in another 10% of the cases. 20 This means that in half of the 
incidents, the flight attendant received help from an on-board health 
care professional. 
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In 1998 in the US, the Aviation Medical Assistance Act (Public 
Law 105-170, 49 USC 44701) created a federal Good Samaritan 
Law that limits liability for individuals and airlines providing a med¬ 
ical response to in-flight medical emergencies. Although not always 
understood by responding voluntary physicians, it seems obvious 
that such a Good Samaritan Act makes it inappropriate for a physi¬ 
cian then to bill the airline for professional services provided during 
the flight. This act therefore not only indemnifies the responding vol¬ 
untary physician (or other health care volunteer) provided he or she 
acts in a reasonable and professional manner, but also allows the 
volunteer to offer medical assistance in the airspace over a state 
where he or she does not have a license to practice medicine. 
Physicians who submit a bill for payment would lose their protec¬ 
tion under this act and become fully liable for the treatment and 
outcomes. 

As stated in the introduction, the Aviation Medical Assistance Act 
has also required that domestic US carriers carry AED's and EEMK's 
on all passenger aircraft weighing over 7500 pounds and having at 
least one flight attendant. The European Joint Aviation Authorities 
have mandated similar requirements. The availability of such equip¬ 
ment and medications provides an increased capability for treating 
unexpected cardiac arrest and arrhythmias as well as other medical 
emergencies. It should go without saying that this equipment is 
intended for emergency use only and is never to be utilized as pri¬ 
mary or back-up equipment for a passenger with a known medical 
instability. British Airways, in a previous website for passenger med¬ 
ical clearance, summed it up well by stating, "The passenger cabin 
of a commercial airliner is designed to carry the maximum number 
of passengers in comfort and safety, within the constraints of cost 
effectiveness. It is incompatible with providing the facilities of an 
ambulance, an emergency room, an intensive care unit, a delivery 
suite, or a mortuary." 

Furthermore, it is important to define the role of the flight atten¬ 
dant in a medical emergency. Commercial carriers around the world 
train their flight attendants to recognize common symptoms of dis¬ 
tress and to respond to medical emergencies with first aid and basic 
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resuscitation techniques. They are also trained in the use of medical 
oxygen, and more recently, often in the proper use of the AED. In 
some countries they are trained and allowed to give parenteral med¬ 
ications, although that is not the case in the US (unless they also have 
an additional medical degree that allows such treatment). It is impor¬ 
tant to recognize that at least in the US, flight attendants are given ini¬ 
tial and recurrent training in these basic skills, but they do not 
necessarily carry any formal medical certification. 

If a passenger requires emergency medical oxygen, this is usually 
provided by bottled oxygen by the cabin crew. The drop-down emer¬ 
gency oxygen masks are not intended for this purpose, as they need 
to be available for emergency decompression events. 

Due to safety concerns, passengers are not allowed to bring their 
own bottled oxygen tanks on board, and must make arrangements 
with the airline prior to flight if this form of supplemental oxygen is 
required en route. The passenger's physician must submit a written 
request for the necessary flow rates, and the number of bottles per 
flight leg are then ordered. This can be expensive and logistically 
challenging, especially if long flights and aircraft changes are 
involved, or if there are any flight delays or cancellations. 
Fortunately, since August 2005, the FAA has implemented a new rule 
governing the use of portable oxygen concentrators, allowing this 
form of personal oxygen supplementation on-board. It should be 
pointed out that this rule allows, but does not require, airlines to let 
patients use approved portable oxygen concentrators on-board their 
airplanes. Currently, the portable oxygen concentrators approved by 
the FAA for in-flight use are: 

• Inogen One Portable Oxygen Concentrator 

• SeQual Eclipse Portable Oxygen Concentrator 

• AirSep Fifestyle 

• AirSep Freestyle 

• Respironics EverCo 

Supplemental oxygen is discussed in greater detail in the next section 
on medical conditions affected by flight. 
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An informal review by the author of passenger medical incident 
reports for three years (1998-2001) at a major US carrier identified 
several recurrent complaints from medical incident responders. The 
concerns demonstrate the difficulty of supplying equipment that is 
both familiar to the individuals, yet economical and useful for equip¬ 
ping all aircraft. One of the most frequent complaints concerned the 
perceived poor quality of the inexpensive stethoscopes, which were 
thought by some physicians to be inadequate for accurately assess¬ 
ing heart and lung sounds. It is doubtful that more expensive stetho¬ 
scopes would be more helpful, as the in-flight noise and vibration 
make it nearly impossible to perform a detailed heart and lung eval¬ 
uation anyway. During in-flight medical emergencies it is often a 
matter of determining whether heart and breath sounds exist or are 
absent, rather than identifying subtle auscultatory qualities. Other 
physicians have complained about the digital sphygmomanometers, 
as they were often unfamiliar with their use. Again, the noise of the 
aircraft makes it very difficult to auscultate blood pressure, making 
the digital semi-automatic devices more appropriate in the setting of 
an airplane cabin. Additionally, these digital devices are easier to use 
for non-medical personnel, such as flight attendants. 

There were also physicians who complained about the lack of 
their favorite emergency drugs in the EEMK, yet there were others 
who praised the equipment and were pleasantly surprised by the 
variety of medications and tools available to them (Fig. 1). A listing 
of the currently required medications and equipment in the EEMK 
can be found in the Appendix. It is important to note that it is usually 
not possible to provide continuous suction on standard commercial 
aircraft, making difficult intubation procedures or events requiring 
gastric emptying problematic. 

The volunteer physician also needs to be prepared to make deci¬ 
sions pertaining to possible diversions. The task of determining 
whether or not a flight needs to be diverted for a medical reason is 
made by the captain who bases his or her decision on the recommen¬ 
dation of a volunteer health care provider, a trained ground-based physi¬ 
cian, or an unassisted flight attendant. This decision should be biased 
toward safety but the choice between making diversion decisions 
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CONTENTS 

QUANTITY 

Sphygmomanometer 1 

Stethoscope 


1 

Airways, oropharyngeal (3 sizes): 1 pediatric, 1 small adult, 1 large adult or equivalent 


3 

Self-inflating manual resuscitation device with 3 masks 
(1 pediatric, 1 small adult, 1 large adult or equivalent) 


1:3 masks 

CPR mask (3 sizes) 1 pediatric, 1 small adult, 1 large adult or equivalent 


3 

IV Admin Set, Tubing w/2 Y connectors 


1 

Alcohol sponges 


2 

Adhesive tape, 1-inch standard roll adhesive 


1 

Tape scissors 


1 pair 

Tourniquet 


1 

Saline solution , 500 cc 


1 

Protective nonpermeable gloves or equivalent 


1 pair* 

Needles (2-18 ga., 2-20 ga., 2-22 ga., or sizes necessary to administer required medications) 

6 

Syringes (1-5 cc, 2-10 cc, or sizes necessary to administer required medications) 


4 

Analgesic, non-narcotic, tablets, 325 mg 


4 

Antihistamine tablets, 25 mg 


4 

Antihistamine injectable, 50 mg (single dose ampuleor equivalent) 


2 

Atropine, 0.5 mg, 5 cc (single dose ampule or equivalent) 


2 

Aspirin tablets, 325 mg 


4 

Bronchodilator, inhaled (metered dose inhaler or equivalent) 1 

Dextrose, 50%/50 cc injectable (single dose ampule or equivalent) 1 

Epinephrine 1:1000, 1 cc, injectable (single dose ampule or equivalent) 


2 

Epinephrine 1:10,000, 2 cc, injectable (single dose ampule or equivalent) 


2 

Lidocaine, 5 cc, 20 mg/ml, injectable (single dose ampule or equivalent) 


2 

Nitroglycerine tablets, 0.4 mg 


10 

Basic instructions for use of the drugs in the kit 


1 


* Although the FAA requires only one pair of protective gloves, it recommends that operators keep 
additional pairs accessible on the aircraft. This would allow crewmembers to access a pair of gloves 
without having to locate and open an EEMK. 

Figure 1 . Enhanced emergency medical kit contents. 


that may prove to be unnecessary versus the desire to continue on to 
the scheduled destination is never easy. There have been no studies 
to indicate how volunteer physicians make these recommendations. 
It has been shown, however, that when physicians participate in the 
decision to divert, either as on-board volunteers or a ground-based 
medical consultants, more appropriate divert decisions are likely to 
be made. 20 

Many airlines have highly trained ground-based physicians available 
either by satellite phone or by cockpit radio-phone patch to support the 
medical volunteer or flight attendant in any medical or diversion deci¬ 
sions that need to be made. Information pertaining to the facilities 
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available on the ground should impact the decision of where to land. 
It is often more reasonable to fly a little longer in order to land at an 
airport near a hospital where appropriate medical care is available, 
rather than to divert to the nearest airport, which might not have the 
necessary medical facility close by. 

MEDICAL CONDITIONS AFFECTED BY FLIGHT 

Fortunately for the vast majority of airline passengers, no notice¬ 
able adverse health effects occur that can be directly attributable 
to the flight. 6 The cabin altitude up to 8000 feet at routine cruise 
flight levels is generally well tolerated by healthy people, and most 
passengers seem to have no ill effects. The physical discomforts 
endured by the passengers do not seem to be significantly haz¬ 
ardous, although there is a general dissatisfaction with such issues 
as seat pitch and leg room, food service (or lack thereof), and 
cabin air quality. 

Certain individuals might be at greater risk for acute exacerba¬ 
tions of their underlying medical problems. While all the mecha¬ 
nisms of action have not been clearly delineated, exacerbations are 
most often related to barometric pressure changes, especially lower 
ambient oxygen partial pressure at cruising altitude 14 and orthostatic 
events. Other relevant factors include low cabin humidity, restricted 
mobility, seating constraints, vibration and noise, number of time 
zones crossed, and the length of flight. In this post September 11 
world, additional stressors related to passenger screening are fre¬ 
quently encountered. The altitude of the destination airport should 
also be considered. As a general rule, an individual with an unstable 
medical condition should not fly. 

The greatest of these stressors is hypoxia. At sea level, the baro¬ 
metric pressure is about 760 mmFHg, with a corresponding Pa0 2 
of 95 mmHg and an Sa0 2 of about 96-98% in healthy individuals. 
At a maximum cabin altitude of 8000 feet (2438 m), barometric pres¬ 
sure drops to 565 mmHg, and in the healthy individual the Pa0 2 
drops to 60 mmHg with a corresponding Sa0 2 of about 90%. 
Although most healthy passengers can easily compensate for this 
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amount of hypoxemia, those with cardiac, pulmonary, cerebrovascu¬ 
lar, and anemic conditions might not fare as well. By starting out at 
a lower Pa0 2 , these individuals are at a much steeper part of the oxy¬ 
gen desaturation curve prior to flight (Fig. 2). 

Lowered ambient pressure can also be problematic in body areas 
where gas expansion could be hazardous. This can be critical for 
individuals who have had recent surgery with trapped air inside 
closed spaces. People who have problems associated with equilibra¬ 
tion of gas trapped in areas such as the sinuses, ears, lungs, or Gl 
tract, can also be adversely affected. Decompression illness can 
occur in persons who have been diving and inhaling compressed air 
prior to flight. 

Preflight assessment of fitness to fly is very important, and the 
personal physician as well as the medical department of the airline, 
if available, should be involved in the clearance process early on. 
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Patients with both acute and chronic medical problems that could be 
exacerbated by airline flight often underestimate the problems they 
might encounter. Things as simple as packing vital medications into 
checked luggage can create a medical crisis within a short period of 
time if that particular medication becomes necessary during flight 
(and is not available in the EEMK) or if the critical baggage does not 
arrive at the destination. 

The ability to monitor passengers is usually quite limited: a stetho¬ 
scope, a sphygmomanometer, and the visual monitor on an AED, 
although some airlines are beginning to utilize telemetric equipment. 

It is obvious that in order to avoid in-flight medical emergencies, 
the passenger should consult with his or her personal physician, and 
the physician needs to have a good understanding of aviation physi¬ 
ology as well as the constraints of medical care offered on-board 
commercial aircraft. The following section offers advice to the med¬ 
ical practitioner who faces a patient desiring to fly. It should be noted 
that some medical problems can be dealt with as long as there is a 
competent medical assistant caring for the passenger; however, this 
needs to be thoroughly evaluated in case of unanticipated worsening 
of the medical condition. 

The Role of the Airline Medical Department 

Whether or not an airline has a medical department depends on 
many factors, primarily the economic health of the particular airline 
and the laws applying to its operations. Certain airlines are required 
by their governments to support their employees with occupational 
health care and facilities. Some of these airlines extend their medical 
services to passengers as well. In the post September 11 world, how¬ 
ever, airlines are being severely economically stretched. Many of the 
major US carriers have reduced or eliminated their medical depart¬ 
ments, especially with respect to passenger medical assistance. 

According to convention, airline medical departments are 
responsible for ensuring, as far as possible, that passenger health 
does not deteriorate during the journey, and to assure that there are 
adequate measures in place to deal with common, yet unforeseen 



Passenger Health 


679 


medical emergencies. 9 In reality, airlines have no real means of 
ensuring that all passengers are fit to begin their journey. Additional 
issues, such as the Americans with Disabilities Act (ADA), make it dif¬ 
ficult to provide standardized medical clearances on a worldwide basis. 

Major international airlines have traditionally offered medical 
clearance assistance and rely on forms such as the Frequent Traveler's 
Medical Card (FREMEC) and the Medical Information Sheet (MEDIF) 
provided by their airlines (Fig. 3). In the past, "medical clearance" 
documentation from personal physicians was required for those pas¬ 
sengers with particular medical needs that could be problematic dur¬ 
ing flight. FHowever, practical experience has shown that physicians 
who do not have a thorough understanding of air transportation may 
not be fully familiar with all the particular medical challenges 
involved. These clearance certificates should then be taken into 
account by the airline medical department, and assessed individually 
as to whether or not, and under what conditions, the passenger is 
acceptable for flight. 

The following section on medical clearance guidelines indicates 
when medical clearance might be required by the airline's medical 
department. At a minimum, consideration should be given if the 
passenger: 

a) suffers from any disease that is believed to be actively contagious 
and communicable; 

b) has any physical or behavioral condition that is likely to be a 
hazard or may cause discomfort to other passengers; 

c) is considered to be a potential hazard to the safety or punctual¬ 
ity of the flight, including the possibility of diversion of the flight 
or an unscheduled landing; 

d) is incapable of caring for him or herself and requires special 
assistance, particularly in the event of an emergency; or 

e) has a medical condition that may be adversely affected by the 
flight environment. 9 


FHopefully, as the industry recovers and the need for solid passenger 
health advice is increasingly recognized, these medical departments 





MEDA10 

Does patient need oxygen (3) 
equipment in flight Dno 

rives. Liters per minute 

_ L. Continuous □ no 

□ yes 

MEDA11 

MEDA12 

Does patient need only 

Medication (2) other than 
self administered, and/or 
the use of special 
apparatus such as 
respirator, incubator, etc. 

a. on the ground while at the airport(s) 

if yes, specify 

□ no 

□ yes 

b. on board of the aircraft 

if yes. specify 

□ no 

□ yes 


Does patient need 

during long layover or nightstop 



MEDA13 

hospitalization (if yes, 

a. at connection points en route 

□ no 

□ yes 


indicate arrangements 





made, or if none were 

if yes, action 




made, indicate ‘no 




EDAM 

action taken') 

b. upon arrival at destination 

□ no 

□ yes 



If yes, action 




Other remarks or 




MEDA15 

information in the interest 

□ none □yes, specify (2)_ 




of your patient’s smooth and 





comfortable transportation 





Other arrangements made 




MEDA16 

by the attending physician 










Important notes: 

1 Fees, if any, relevant to the provision of this information are to be paid by Date _ 

the passenger concerned. 

2 Cabin attendants are not authorized to give special assistance to particular passengers Place _ 

(e.g. lifting). Additionally, they are trained only in first aid and are not permitted to 

administer any injection, or to give medication. 

3 Fees for carrier-provided special equipment are to be paid by the passenger concerned. Physician 

Signature - 

Passenger’s declaration 

I hereby authorize (doctor’s name)_ Date 

to provide the airlines with the information required by those airlines medical departments for the purpose of determining 
my fitness for carriage by air and in consideration thereof I hereby relieve that physician of his/her professional duty of 
confidentiality in respect of such information, and agree to meet such physician’s fees in connection therewith. I take 
note that, if accepted for carriage, my journey will be subject to the general conditions of carriage/tariffs of the carrier 

concerned and that the carrier does not assume any special liability exceeding those conditions/tariffs. I agree to Passenger 

reimburse the carrier upon demand for any special expenditures or costs in connection with my carriage. Signature 

(Where needed, to be read by/to the passenger, dated and signed by him/her or on his/her behalf). 


Figure 3. ( Continued ). 
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may rise from the ashes and become prominent again in assisting 
passengers with special medical needs and providing advice to their 
physicians. 

MEDICAL CLEARANCE GUIDELINES 

The objective of medical clearance is to provide safe and healthy 
travel, and to prevent delays and diversions to the flight as a result of 
deterioration of a passenger's medical situation. It is often up to indi¬ 
vidual physicians to provide this information, since not all airlines 
have medical departments that are able to give guidance in this area. 
There are excellent recent guidelines developed by the Aerospace 
Medical Association (AsMA) 1,2 WHO 27 and IATA, 9 and will only be 
briefly described in this chapter. Other professional organizations, 
such as the Canadian Cardiovascular Society and the British Medical 
Association, have also made recommendations. 13,24 

IATA has published a Medical Information Form (MEDIF) (Fig. 3), 
which has a passenger and a physician section. Many airlines require 
this to be completed well in advance of flight so that proper arrange¬ 
ments can be made for passengers with additional needs. Although 
there is some variation in opinions among the experts pertaining to 
medical clearance issues, the following recommendations are based 
on the Medical Guidelines for Airline Travel (second edition) com¬ 
piled by AsMA in 2003. 1 2 These recommendations are intended for 
flight, but additional consideration should be used in evaluating a 
patient's ability to navigate a crowded airport. 

Cardiovascular disease should be carefully evaluated prior to each 
flight unless it is very stable, with co-morbid conditions taken into 
consideration. 

1. Angina: As long as the stress of air travel is not likely to precipi¬ 
tate symptoms, most stable patients can fly. They must be cau¬ 
tious to carry their medications with them on-board. Unstable 
angina is a clear contraindication to flight. 

2. Myocardial infarction (Ml): For the uncomplicated Ml, patients 
should not fly for at least two to three weeks and until they have 
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resumed normal activities. Patients with complicated Ml, espe¬ 
cially those with limited mobility, should wait longer until they 
are stabilized medically. Symptom-limited stress testing can be 
very helpful in estimating ability to fly. 

3. Congestive heart failure (CH): Severe decompensated heart fail¬ 
ure is a contraindication to flight. Individuals with stable CHF 
with NYHA Class III—IV or with baseline Pa0 2 of 70 mmHg or 
less should be advised to arrange for supplemental oxygen. 

4. Coronary artery bypass graft If surgery is uncomplicated, fully 
recovered CABC patients should wait 10-14 days post surgery to 
allow for surgically introduced intrathoracic air to be absorbed. 

5. Percutaneous coronary artery interventions: Uncomplicated 
angioplasty or stent operations usually carry a low risk, provided 
the patient is medically stable and has returned to his or her 
normal activities. 

6. Symptomatic valvular heart disease: This is a relative contraindi¬ 
cation to flight, so these patients should be carefully assessed. 
Fitness to fly is determined by severity of symptoms, functional 
status, left ventricular ejection fraction, and whether or not 
pulmonary hypertension and baseline hypoxia exist. 

7. Hypertension: As long as the hypertension is under reasonable 
control, there is no contraindication to flight. 

8. Pacemakers and implantable cardiac defibrillators (ICD): These 
devices are low risk for commercial airline travel, once the 
patient is medically stable after having the device implanted. 
The commonly used bipolar devices are very unlikely to have 
electromagnetic interferences with airline or security devices, 
and even the older unifocal devices are unlikely to cause inter¬ 
ference problems. [Note that any equipment carried on-board 
an aircraft must meet the radio frequency interference require¬ 
ments of the regulatory authority (e.g., FAA or EASA).] 
Passengers with these devices should carry copies of their elec¬ 
trocardiogram (ECC) (both with and without magnets) as well as 
copies of their pacemaker or ICD cards. The reason for this 
is that it might not be possible to transmit electronic telephone 
checks of pacemaker function via international satellite 
telephone systems. 



684 


P. A. Illig 


General Risk Factors 


> Impairment of blood clotting mechanisms, such as clotting factor abnormality 

> Estrogen hormone therapy, including oral contraception 

> Extremes of height 

> Fight greater than four hours’ duration 

> Cardiovascular disease 

> Current or history of malignancy 

> Recent major surgery 

> Recent trauma to lower limbs or abdomen 

> Personal family history of DVT 

> Pregnancy 

> Age above 40 years 

> Prior prolonged immobilization 

> Depletion of body fluids causing increased blood viscosity (Note that this is not 
dehydration as a result of dry cabin air.) 


Suggested DVT Prophylaxis 

(with kind permission for reproduction from 2003 AsMA Medical Guidelines Task Force) 



Risk Categories 

Prophylaxis 

Low risk 

Age over 40; obesity; active inflammation; 
recent minor surgery (within last 3 days) 

Advice about mobilization and 
hydration, +/- support tights/ 
non-elasticized long socks 

Moderate risk 

Varicose veins; heart failure (uncontrolled); 
recent myocardial infarction (within 6 weeks); 
hormone therapy (including oral 
contraception); polycythemia; pregnancy/ 
postnatal; lower limb paralysis; recent 
lower limb trauma (within 6 weeks) 

Passenger advised to consult 
own medical practitioner who 
may recommend the above + 
aspirin (if not contraindicated) 
+/- graduated compression 
stockings 

High risk 

Previous VTE; known thrombophilia; recent 
Major surgery (within 6 weeks); previous 

CVA; malignancy; family history of VTE 

As above, but passenger’s 
medical practitioner may 
recommend low molecular 
weight heparin instead of 
aspirin 


Figure 4. DVT risk factors and prophylaxis for flight. 


9. Deep venous thrombosis: DVT per se is not a dangerous condi¬ 
tion, but the sequel of pulmonary embolism (PE) can be life 
threatening. Provided the condition is stable and the passenger 
is on appropriate anti-coagulation with resolution of the clot, 
there is no contraindication to flying. Passengers with risk factors 
(Fig. 4) for DVT should be counseled about preventive activities 
such as walking in the cabin aisles during flight, in-seat stretching 
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exercises, and adequate hydration. Depending on the severity of 
their risk factors, they might consult with their physician about 
medical preventive therapy (Fig. 4). All passengers should 
be educated about the signs and symptoms of DVT, with 
instructions given as to how to seek medical assistance at 
their destination, as DVT and PE can develop hours or days 
afterwards. 7 

10. Miscellaneous contraindicated cardiovascular medical condi¬ 
tions: This includes cardiovascular accidents within two 
weeks of flight, uncontrolled ventricular or supraventricular 
tachycardia, and Eisenmenger's syndrome. Of course, all car¬ 
diac patients should be reminded to carry a list of their med¬ 
ications with them, and make certain that they have more than 
sufficient quantities of medications to last them through their 
entire trip. 

Consideration must be made to accommodate for limited 
physical reserve by reducing long airport walks and heavy bag¬ 
gage. It goes without saying that if there are special needs, such 
as wheelchairs, special seats or meal requirements, arrangements 
need to be made with the carrier well in advance. Even though 
special meals are ordered, they are not always available. Thus, 
those with special meal requirements should carry emergency 
foodstuffs. 

Pulmonary diseases require attention to the possible need for sup¬ 
plemental oxygen and rescue medications in case of exacerbations. 
The physician should consider the type, reversibility, and functional 
severity of the pulmonary disorder, evaluate altitude tolerance, and 
determine the anticipated altitude and duration of the flight. 
Pulmonary function tests and arterial blood gas determinations can 
be very helpful in this evaluation. As stated in the cardiac section, the 
baseline Pa0 2 is the most useful indicator of altitude tolerance. 
A more sophisticated test is the hypoxia altitude simulation test 
(EHAST), which determines the patient's Pa0 2 while breathing mixed 
gases simulating the aircraft cabin environment at altitude. A Pa0 2 of 
less than 55 mmHg saturation at simulated cabin altitude requires 
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supplemental oxygen during flight. Individuals with Pa0 2 less than 
70 mmHg may also warrant supplemental oxygen. 

1. Asthma: Air travel is contraindicated for patients with severe, labile 
disease that requires frequent hospitalization. For stable individ¬ 
uals, it is important to remind them that they must hand-carry 
their medications, particularly their inhalers. A course of oral 
steroids might be indicated for all but the mildest asthmatics. 

2. Bronchiectasis and cystic fibrosis: These patients should be care¬ 
fully evaluated, with measures taken to effectively loosen and 
clear secretions. Infections should be treated and stabilized prior to 
flight, and in-flight oxygen therapy might be essential. Aerosolized 
enzyme deoxyribonuclease should be considered prior to, and 
possibly also during flight. 

3. Interstitial lung disease. Most of these patients can generally tolerate 
air travel, although supplemental oxygen therapy might be necessary. 

4. Malignancies: Lung cancer is not contraindicated for flight, pro¬ 
vided the passenger is otherwise medically stable. Medications 
during flight might be needed to relieve pain, and supplemental 
oxygen might be necessary. 

5. Neuromuscular disease: Patients who have neurological or 
skeletal disorders that affect breathing can require manual 
and/or mechanical assistance, which can be problematic for 
long flights. Often they require an assistant to accompany them. 
The low humidity in the aircraft can exacerbate excessive dryness 
of the respiratory mucosa. These cases should be thoroughly dis¬ 
cussed with the air carrier in advance of flight. 

6. Pulmonary infections: Those with actively contagious infections 
are unsuitable for air travel until documented control of the 
infection can be obtained. To avoid spread of the virus to nearby 
passengers and cabin crew, individuals with even "mild" viral 
infections should not be allowed on-board 

7. Pneumothorax: The presence of pneumothorax or pneumomedi¬ 
astinum is a contraindication as these conditions can progress to 
a tension pneumothorax by gas expansion during flight. Treated 
patients can usually travel within two to three weeks of successful 
drainage. Patients with recurrent spontaneous pneumothorax 
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should be individually counseled; end-expiratory chest radi¬ 
ographs can be helpful in identification of suspicious cases. 

8. Pleural effusions: Large collections require drainage prior to 
flight, with at least 14 days recovery for both diagnostic and ther¬ 
apeutic reasons. A chest radiograph might be needed prior to 
flight to rule out reaccumulation or induced pneumothorax. 

9. Pulmonary vascular disease : Patients with preexisting PE or pul¬ 
monary hypertension are at risk for hypoxia-induced pulmonary 
vasoconstriction with an ultimate reduction in cardiac output. 
These patients necessitate careful preflight evaluation, as they 
might need a combination of anticoagulation, medical oxygen, 
restricted exertion, compression stockings, and in-seat isometric 
exercises. 

10. Sleep apnea: Passenger who use CPAP devices often take them 
along on long-haul flights. They must pass TSA inspection, so the 
passenger should call the airline in advance for information 
regarding bringing these devices on-board. 

11. Special conditions: These patients require close coordination 
between the physician and the air carrier if unusual or special 
medical equipment is required on-board. 

Recent surgery should be evaluated individually. With the increase 
of ambulatory surgery, patients frequently fly home after an outpa¬ 
tient procedure. General anesthesia per se is not a contraindication 
for flight, as the gases used do not predispose one to decompression 
illness. However, it should be kept in mind that post-operative 
patients have increased oxygen consumption due to the trauma of 
surgery, and oxygen delivery might be impaired. Post-operative ane¬ 
mia must be assessed. Patients with recent thoracic surgery are espe¬ 
cially sensitive to intrathoracic pressure changes, as gas expands 
25-30% at cabin altitude. Neurosurgical patients must be shown to 
have no trapped intracranial air, and patients with any cerebrospinal 
leak should avoid flying because of the possibility of backflow and 
bacterial contamination during pressure changes. This gas expansion 
also puts post-abdominal surgery patients at risk, therefore air travel 
should be discouraged for at least one to two weeks for individuals 
who have had an intestinal lumen opened. Even after a simple 
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colonoscopy with polypectomy procedure, flight should be delayed 
for at least 24 hours. Laparoscopic procedures are less likely to cause 
problems because of the rapid diffusion of the residual C0 2 . Travelers 
with colostomy bags are not at increased risk during air travel, but 
might need larger bags due to the increased fecal output produced 
by intestinal distention and gas expansion. 

Consideration should also be given to wound care requirements, 
pressure-sensitive tubing, IV fluids, and medications, along with 
ambulatory and positional requirements. 

Pregnancy in general is compatible with airline flight. Because of the 
properties of fetal hemoglobin, fetal Pa0 2 changes very little, despite 
a potential substantial drop in maternal Pa0 2 at altitude. However, 
the physical changes associated with pregnancy can make flight 
more challenging, in that motion sickness might be aggravated, intra¬ 
abdominal gas expansion might be worse than in the non-pregnant 
female, and orthostatic changes can be accentuated. High risk preg¬ 
nancies at risk for preterm labor should be discouraged from pro¬ 
longed flight. First trimester travelers should not fly if they have either 
bleeding or pain associated with their pregnancy. Most airlines 
require medical certification from the obstetrician to allow flight after 
the 36th gestational week (32nd in the case of a multiple pregnancy) 
in order to avoid the onset of labor during flight. 

Travel with children has few caveats. Infants should be at least 
seven days old in order to assure lack of serious congenital defects 
or respiratory distress. Risk of Eustachian tube dysfunction can be 
decreased by having the babies suck on a bottle, breast or pacifier, 
and older children can drink from a cup during decent. Just as with 
adults, children with respiratory congestion can benefit from 
decongestion medications given orally 30 minutes before descent. 
Otitis media is not contraindicated, provided appropriate antibi¬ 
otics are being used for 36 hours and the Eustachian tube is patent. 
Diarrheal illnesses should be remedied with appropriate 
electrolyte solutions. 



TRAVELING WEST 

Usual Regimen 

Day of Departure/Travel (West Bound) 

First Day at Destination 

Multiple injection regimen 
with pre-meal soluble 
insulin and overnight 
intermediate insulin. 

Usual pre-meal soluble insulin. Additional 
soluble insulin injection with additional meal 
or snack. Modest reduction (1/3) in overnight 
intermediate insulin to avoid nocturnal 
hypoglycemia. 

Return to usual insulin regimen. 

Additional soluble insulin (1/3 of usual 
morning dose) should be considered if 
fasting blood glucose >14mmol/L 
(250 mg/dl). 


Usual Regimen 

Day of Departure 

18 Hour After Morning Dose 

First Morning at Destination 

Two-dose 

Usual morning and 

1 /3 usual dose followed by meal or snack 

Usual two doses 

schedule 

evening doses 

if blood glucose > 14 mmol/L (250 mg/dl) 


Single dose 
schedule 

Usual dose 

1/3 usual dose followed by meal or snack 

Usual dose 


TRAVELING EAST 

Usual Regimen 

Day of Departure/Travel (East Bound) 

First Day at Destination 

Multiple injection regimen 
with pre-meal soluble 
insulin and overnight 
intermediate insulin. 

Usual pre-meal soluble insulin. If less than 4 hours 
between meals this requires a slightly reduced 
dose of the third soluble injection (by 1/3) and 
additional carbohydrate (i.e. extra large evening 
snack if one meal is missed) and a reduction (1/3) 
in overnight intermediate insulin to avoid 
nocturnal hypoglycemia. 

Return to usual insulin regimen if you have 
overcompensated with the reduction of 
the evening intermediate insulin. 
Additional soluble insulin (1/3 of usual 
morning dose) should be considered if 
fasting blood glucose >14 mmol/L 
(250 mg/dl). 


Usual Regimen 

Day of Departure 

First Morning at Destination 

10 hr after Morning Dose 

Second day at 
Destination 

Two-dose 

schedule 

Usual morning 
and evening doses 

2/3 usual morning dose 

Usual evening dose plus 
remaining 1 /3 of morning 
dose if blood sugar > 250 mg/dl 

Usual two doses 

Single-dose 

schedule 



Remaining 1 /3 of morning dose if 
blood sugar > 250 mg/dl 

Usual dose 


Figure 5. Insulin adjustments when traveling across multiple time zones (five or more time zones) (with kind permission for 
reproduction from 2003 AsMA Medical Guidelines Task Force). 
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Cerebrovascular disease patients, if otherwise stable, should be able 
to travel within a few days of having a cerebral vascular accident 
(CVA). For those with cerebral artery insufficiency, the relative 
hypoxia in the aircraft might necessitate supplemental oxygen. 
Some airlines require medical clearance if traveling within 10 days 
of a stroke. 

Ear, nose and throat (ENT) disturbances that affect an individual's 
ability to equilibrate pressure through the Eustachian tubes or sinuses 
might cause barotrauma. Any condition that is associated with ver¬ 
tigo or motion sickness is likely to be worsened in flight. ENT sur¬ 
geries in general should preclude flight for 10-14 days, except for ear 
tube placements or myringotomy (which ventilate the middle ear). 
Patients with tracheo-laryngeal surgeries may need extra moisturiza- 
tion and possibly removal of thickened secretions caused by the low 
humidity of the cabin air. Facial plastic surgery patients can generally 
fly once drains are removed. Penetrating eye injuries should not fly 
within six days of the injury or surgery due to the danger of gas 
expansion inside the globe. Passengers whose jaws are wired shut 
should only fly with an escort with appropriate wire cutters, or have 
self-quick-release wiring in case of vomiting or aspiration. 

Diabetes is not a contraindication to flight, provided passengers can 
administer their own medications and understand the problems asso¬ 
ciated with time zone and nutritional changes. For insulin dependent 
diabetics, insulin vials, syringes, and monitoring supplies should be 
carried by the passenger on-board and not in checked baggage. A 
prescription or letter from the treating physician will expedite secu¬ 
rity clearance. The cabin altitude should not affect the accuracy of 
most glucose meters. Journeys across several time zones may shorten 
or lengthen the 24-hour day, and adjustments need to be made to 
compensate for this. (See Fig. 5 for insulin adjustment schedules.) It 
is, of course, important to have snacks available as countermeasure 
against hypoglycemia, especially if meal service is delayed. 
Passengers should alert cabin crew to their medical condition and 
wear medical alert ID tags. 
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The Transport Security Administration (TSA) in the US requires 
specific medical documentation of the need to carry insulin syringes 
on-board when going through security checkpoints at the airport. 
Only the necessary number of syringes for the length of flight is 
acceptable, with any additional syringes packed into the checked 
luggage. Insulin dependent diabetics should be reminded not to dis¬ 
pose of their syringes in areas of the aircraft that might likely injure 
others, such as seat back pockets and lavatory waste baskets. Cabin 
cleaning crews and fight attendants are often injured by these 
syringes; it can cause the worker considerable anxiety if punctured 
by one. An alternative is the insulin pen, which is a compact, 
portable device that serves exactly the same function as a needle and 
syringe, but is handier and more convenient to use. These come pre- 
loaded with the proper amount of soluble insulin, and are very con¬ 
venient for frequent travelers. 

Non-insulin dependent diabetics do not have the same issues 
with medical management. Additional tablets are not usually 
required to cover an extended day, and a normal dose might be omit¬ 
ted in the case of a significantly shortened day. Most important is 
careful planning and consultation with their diabetic specialist. 

Communicable diseases can be a concern on airplanes, but they are 
probably no more likely to be transmitted in aircraft than in other 
public areas where people are in close proximity, despite public 
opinion to the contrary. 24 

Communicable diseases need to be investigated if a significant 
public health risk exists, such as infectious tuberculosis. Because 
of the potential serious consequences in compromised individuals, 
certain common childhood diseases in their infectious states should 
not be allowed onto aircraft, such as chickenpox, measles, mumps, 
rubella, scarlet fever, and pertussis. Similarly, those with other 
common highly contagious illnesses, such as influenza, should not 
be on-board because of the potential serious sequelae in at-risk 
people and the possibility of airborne transmission. Passengers with 
less serious infectious illnesses, e.g., the common cold (URI), fre¬ 
quently fly, because these illnesses are very common. Fortunately, 
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they pose little risk as a public health hazard. Long haul flights, 
primarily international, are of particular concern, as these do 
increase the likelihood of even low virulence diseases, such as 
tuberculosis, to infect other passengers. Acute food poisoning on 
an airplane is particularly problematic, and potentially dangerous 
if it affects the flight crew. Although airlines are not allowed to 
knowingly board passengers with actively contagious diseases, 
passengers are often unwilling to admit their illnesses because of 
their motivation to travel. They might also perceive themselves as 
being well enough to fly, and ignore the potential of passing the 
disease on to others. 

Difficulties arise in that many infectious diseases are contagious 
during a prodromal stage before symptoms actually develop, and 
even influenza may be entirely asymptomatic. Other challenges 
occur when dealing with emotionally charged conditions, for exam¬ 
ple tuberculosis or certain blood-borne pathogens. The SARS epi¬ 
demic in 2003 highlighted the potential for an airborne illness to 
rapidly travel around the world. 

Terminal illness are not necessarily disqualifying for flight, provided 
the illness is stable enough to allow the patient to withstand the 
flight. Patients are often discharged from hospitals with terminal ill¬ 
nesses and then fly home, while others wish to return to their native 
countries to die after being diagnosed with a terminal disease. 

Orthopedic fractures can be a challenging situation for accommo¬ 
dation on passenger airlines. Most domestic US carriers do not allow 
stretcher cases, and require that a passenger must be able to sit in a 
regular seat. Some international carriers that are accustomed to repa¬ 
triating sick passengers are able to accommodate stretcher configu¬ 
rations, and with adequate preparation, may even be able to provide 
accompanying medical personnel. It must be kept in mind that just 
because a passenger can fit into an airline seat with a short leg cast 
does not mean that he or she will tolerate it for several hours. 
Following application of a plaster cast, flights under two hours dura¬ 
tion should be avoided for 24 hours, and longer flights for 48 hours. 
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If the cast is bivalved, these restrictions can be liberalized, although 
elevation is still a critical factor. Passengers with air casts should be 
advised to bring the air pump in their carry-on baggage, as the air in 
the bladders will expand at altitude requiring the removal of some of 
the air. Upon descent, as the air contracts, additional air will need to 
be placed in the bladders to stabilize the fracture. 

Prescription medications with international travel require the original 
prescription bottles with labels on them, if traveling to certain countries. 
Some countries even require a prescription for pseudoephedrine 
hydrochloride, which is a common non-prescription decongestant in 
other countries. It is always a good idea to take copies of prescriptions 
along, in case of loss of the original medications. 

Unattended minors with medical problems or prescription med¬ 
ications require careful coordination with the airlines. Children 
with medical problems, especially those requiring medications en 
route, must be discussed with the airline's medical department 
in order to avoid medication incidents. Such children, if below an 
appropriate developmental age to take their own medications, 
should not travel alone. Each airline has its own regulations con¬ 
cerning unaccompanied minors, and should be investigated before 
flight plans are made. 

Blood disorders with reduced tolerance to hypoxia also require spe¬ 
cial consideration. Patients with hemoglobin levels below 
7.5 g/dL should be provided supplemental oxygen, especially if the 
anemia has been acute in onset. Sometimes the cause of the anemia 
is enough to preclude stability for flight. Sickle cell trait patients 
should in general be able to travel without supplemental oxygen, but 
those with sickle cell disease should have supplemental oxygen in 
flight, and certainly not fly within 10 days of suffering a crisis. 

Psychiatric illness, whether acute or chronic, should be stable and 
unlikely to deteriorate during flight. In some circumstances, medical 
escorts might be required. 
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Substance abuse cannot be tolerated on-board aircraft. Anyone who 
seems impaired or intoxicated should not be allowed on-board. 

Personal medical devices need to be cleared in advance of flight, as 
not only do the airlines have rules regarding certain devices, but the 
security screening agencies may prohibit some being brought on¬ 
board. It is therefore important to discuss this with the airline well in 
advance of the flight. 

TRANSPORTING ILL PASSENGERS 

If a person is seriously ill, too unstable, or unable to sit in a normal 
airline seat, arrangements should be made for transportation on a 
stretcher, in a patient transport compartment, or via air ambulance. 
There are many aviation companies that provide transportation for 
patients locally, regionally, or internationally with specialized aircraft 
(ambulance aircraft or air ambulances). 

Most US domestic carriers require that a passenger be able to sit 
in a normal seat. Some carriers, particularly those that fly interna¬ 
tionally, are accustomed to providing room for stable stretcher cases 
by removing several seats. The innovative Patient Transport 
Compartment (PTC) system has been developed by Lufthansa 
German Airlines, which is a portable intensive care unit that can be 
quickly installed in a B-747 or A340-300. Lufthansa does not provide 
the accompanying physician, but will provide the additional spe¬ 
cialty training for the medical personnel required to care for the 
patient en route. 

Chronically ill passengers needing minor medical or personal 
assistance can often travel with an appropriate assistant. If unusual 
medications or medical devices will need to be utilized during flight, 
the customer service department of the airline must be notified in 
advance for guidance. There may be safety or regulatory limitations 
pertaining to many of these devices. In addition, depending on local 
laws, airlines may require a medical certificate. Failure to provide 
any requested information could result in denied boarding until the 
matter is resolved. 
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MISCELLANEOUS TOPICS 

Airline passengers often have a variety of common complaints, some 
of which have more to do with comfort than with health issues. 
Concerns vary with the stability of the airline industry, as well as nat¬ 
ural causes outside of human control. Bioterrorism and security are 
topics with political ramifications, and topics like "economy class 
syndrome" have achieved media notoriety. Issues such as air rage 
have lessened somewhat, while others like cabin air quality seem 
never to go away. 

It is beyond the scope of this chapter to go into extensive detail 
on these topics, but at least a brief comment on a few of them is war¬ 
ranted. The author hopes these comments are representative of the 
opinions of the aeromedical community, but certainly future research 
will shed more light on the nature of medical problems associated 
with commercial airline flight. 


Health Hazards versus Discomfort Issues 

What is perceived by the traveling public to be a health hazard is 
often only a discomfort issue. Because of the low moisture in cabin 
air, symptoms such as a dry cough and sore throat are often miscon¬ 
strued by the passenger as being caused by a contagious exposure 
during flight. It is a common misconception that respiratory infec¬ 
tions spread quickly throughout the cabin. Viral infections travel in 
airplanes the same way as in other public facilities, primarily by con¬ 
taminated hands and droplets, and usually not by airborne spread. 

Passenger exposures to ground exhaust fumes reinforce this belief 
that the air is unhealthy. Contrary to popular belief, cramped seating 
in coach class does not appear to increase one's risk of DVT over that 
of sitting in first class. 


Cabin Air Quality 

Nearly all commercial airliners built after the late 1980's recirculate 
10-50% of the cabin air, and utilize high-efficiency particle air 
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(HEPA) filters, which are the same as used in hospital operating 
rooms. These filters remove over 99.9% of particles over the size of 
0.3 micrometers. It is of interest to note that the size of the 
Mycobacterium tuberculosis organism is 0.5-1 micrometers in 
diameter. Nonetheless, the topic of cabin air quality has remained 
one of the most contentious areas of passenger health. After many 
years of being a highly politicized and maligned issue, serious 
attempts to study the air quality in the aircraft cabin have been under¬ 
taken. The CabinAir project is a European funded consortium, bring¬ 
ing together 15 organizations from seven nations to investigate the 
issues surrounding cabin air quality. As part of this project, key air 
quality parameters have been monitored on 14 flights from "flag car¬ 
rier" fleets made up of the BAe 146 (ventilation mode selected to pro¬ 
vide 100% outside air to the cabin) and Boeing 737-300 (supply into 
the cabin is a mixture of outside and recirculated air). Overall, levels 
of measured air pollutants were always below any recommended 
health limits. Other agencies, such as the CDC and FAA, are currently 
working with industry partners to better assess cabin air quality. 

Many questions still remain unanswered, however. More 
research is needed in order to understand whether there are health 
hazards associated with the levels of ozone, carbon dioxide, volatile 
organic compounds (VOC's), and bioaerosols, such as endotoxins, 
found in aircraft cabin air. 

Hand Washing 

Antiseptic hand cleaners have become popular for use in aircraft that 
do not have hand washing facilities readily available. These cleaners 
kill a variety of viruses and bacteria found on hands, but only wash¬ 
ing with soap and water actually removes them. 


DVT 

Clotting of blood in deep veins, usually occurring in the lower legs, is 
known as deep venous thrombosis. Sensationalized in the press as 
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"economy class syndrome/' this term is misleading, because the risk 
of DVT seems to have no relationship to the amount of leg room avail¬ 
able to the passenger. Individuals seated in cars, buses, and trains may 
all be at similar risk, and the term "traveler's thrombosis" is much 
more accurate. In order to understand this phenomenon, a large-scale 
study, the WRIGHT (WHO Research Into Global Hazards of Travel) 
project, has been undertaken by the World Health Organization. Set 
up in June 2001, it is a comprehensive project consisting "of a series 
of research studies to fill the key information gaps in available knowl¬ 
edge on the suspected link between air travel and DVT. The studies, 
which cover epidemiological, clinical, and physiological areas, will 
provide key information on the frequency of venous thrombosis, the 
magnitude of its association with air travel, and the caused mecha¬ 
nisms to possible prevention strategies for air travelers." 26 Phase I of 
this project, recently published, has demonstrated that the risk of 
DVT approximately doubles after a lengthy flight (defined as over 
four hours), but also with other forms of travel that involve prolonged 
seated immobility. Longer travel durations and multiple flights within 
a short period of time further increases the risk, as do the following 
risk factors: extremes of height, use of oral contraception, and the 
presence of prothrombotic hematological abnormalities. The 
absolute risk of DVT in these flights over four hours in a cohort of 
healthy individuals was found to be 1:6000. There are more studies 
to be conducted under Phase II related to the effects of preventive 
interventions. 

For additional information, please also see the section on DVT in 
the cardiology section of this book. 


Cosmic Radiation 

The International Commission on Radiological Protection (ICRP) 
recommends a maximum annual occupational exposure of 20 milli- 
sievert (mSv) per year averaged over a period of five years. On average, 
dose rates received by passengers on long haul aircraft are on 
the order of 5 microsievert ( /uSv) per hour, and on short haul aircraft, 
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1-3 /uSv per hour, depending on the altitude flown. The effects of ion¬ 
izing radiation on airline passengers or pregnancies appears to be 
negligible, even for frequent fliers. Please also see the section on cos¬ 
mic radiation for further details. 

Disinsection 

Control of disease-causing insect vectors is important not only in 
order to reduce the likelihood of spread of unwanted insects to other 
countries, but also to reduce the risk of passengers being bitten. One 
case of "runway malaria" has been attributed to mosquito entry into 
the cabin during a night layover with the aircraft doors open. 

There are generally four WHO approved methods of disinsection, 
all of which use pyrethrin. The most common methods are to spray the 
cabin for approximately 10 minutes with passengers inside either at 
push back, top of descent, or on arrival. In theory, the mosquitoes will 
be shaken out of their hiding places and into contact with the aerosol. 
The fourth is to treat the surface of the cabin interior with a residual 
pyrethroid while passengers are absent. Disinsection has been regu¬ 
lated by the World Health Organization (WHO) since 1949. A 1995 
study undertaken by the WHO showed no adverse health effects from 
properly performed disinsection, although some passengers and crew 
members might experience transient discomfort. 

Currently a few countries require routine disinsection prior to 
arrival, although most reserve the right to do so in selected situations. 
Travelers who may be adversely affected by these aerosols sprays 
should be advised to contact their airline well in advance to obtain 
specific information regarding possible disinsection procedures and 
chemical exposures during a particular flight. 

Public Health Issues 

As stated in the Medical Clearance section of this chapter, communica¬ 
ble diseases are a controversial subject within the airline industry. 
Although they currently do not generally pose a significant public 
health hazard, airline passengers could potentially disseminate serious 
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communicable diseases and, if conditions are right, do so on a global 
scale. Particularly worrisome are organisms that are highly contagious 
and for which there is little human immunity. Serious worldwide pub¬ 
lic health concerns could be unleashed if such an organism had an 
incubation period long enough for travelers to go long distances while 
they were infectious, but before they develop symptoms. SARS in 
2003 certainly exposed this vulnerability. Under the right circum¬ 
stances, catastrophic epidemics could be caused by naturally occur¬ 
ring viruses (e.g. hemorrhagic viral illnesses), genetic mutations that 
cause human-to-human transmission (avian flu), or novel strains of 
pandemic influenza. 

A newly revised International Health Regulations (2005) was 
rolled out on June 15, 2007, with the technical support of WHO. This 
document enhances national, regional, and international public 
health security against acute public health risks that can spread inter¬ 
nationally and have a devastating impact on human health. 

Quarantine 

With the eradication of naturally occurring smallpox, most United 
States quarantine stations were closed in the late 1960's. However, 
in the post-SARS world, the US Congress began to allocate funds in 
order to increase the number of quarantine stations. It should be 
noted that US federal regulations, Title 42, Part 71.21(b), requires 
that "the commander of an aircraft destined for a US airport shall 
report immediately to the quarantine station at or nearest the airport 
at which the aircraft will arrive, the occurrence, on board, of any 
death or ill person among passengers or crew." Currently this is 
interpreted as: 

• severe diarrhea 

• fever >2 days 

• fever and: 

— rash 

— swollen lymph nodes 
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— jaundice 

— difficulty breathing 

— persistent cough 

— headache and stiff neck 

— decreased level of consciousness 

— unexplained bleeding 

Currently, the quarantinable diseases by law are: 

• infectious tuberculosis 

• diphtheria 

• smallpox 

• yellow fever 

• viral hemorrhagic fever(s) 

• cholera 

• plague 

• SARS 

• novel strain of influenza 

Much work is being done by the CDC in the area of disease trans- 
missibility on commercial aircraft. It is worthy to note that infectious 
tuberculosis is only considered a concern to other passengers if the 
flight is greater than eight hours in duration. 28 

Passenger Medical Clearance at the Boarding Gate 

Occasionally a passenger becomes ill prior to a flight and appears 
at the boarding gate with worrisome symptoms. Gate agents 
should not summon emergency medical personnel unless a real 
or perceived medical emergency exists. To request a "medical 
clearance" evaluation is not an appropriate utilization of emer¬ 
gency ambulance personnel. Such problems should be handled 
with the airlines' medical department, or if none exists, the pas¬ 
senger should be requested to seek an evaluation from a medical 
clinic. 
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Air Rage 

Reasons for extreme misbehavior by unruly passengers include 
excessive alcohol consumption, smoking bans, crowding, long 
flights, psychological problems with authority figures, and mental ill¬ 
ness. In addition to placing other passengers and crew members at 
risk, air rage passengers have accidentally been killed during 
attempts by other passengers to subdue them. The incidence of air 
rage seems to have lessened since September 11 due to heightened 
security and passenger awareness. 

Additional Medical Equipment 

Occasionally a passenger will need to bring on-board additional 
medical equipment. Although many of these items are approved, 
there might be problems bringing them on-board if gate agents 
or cabin crew are unfamiliar with them. It is important for the 
passenger to obtain approval through the airline well in advance 
before the flight in order to avoid such last minute complications. 


Fear of Flying 

This is a complex psychological issue, one that has been made more dif¬ 
ficult by the security concerns of the last few years. Some self-help 
programs exist to alleviate symptoms. Physicians can also assist with 
judicious use of anti-anxiety medication in appropriate circumstances. 


Fatigue and Jet Lag 

Travelers rapidly crossing three or more time zones will experience 
some form of circadian desynchronization. It is exacerbated by stress, 
over-eating, dehydration, increasing age, traveling east, sleep depriva¬ 
tion, and alcohol consumption. It can be minimized by taking short 
flights, taking transit breaks, and appropriately timed exposure to 
sunlight on arrival. There is some evidence that judicious use of 
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melatonin may be of help in some individuals. Depending on the 
individual, it can take a full day for each hour of time zone change 
above three hours to fully recover from jet lag. Besides fatigue and 
general discomfort, there are potential problems associated with 
dosage adjustments of such medications as insulin, narcoleptics, 
anticonvulsants, and anticoagulants. 

Elderly Passengers 

Even without medical problems, elderly passengers are subjected to 
greater stress with air travel due to their physical limitations. In addi¬ 
tion to needing more time and assistance with baggage and negoti¬ 
ating the airport environment, in-flight considerations should be 
made, like providing seats near washrooms on long flights. 

Telemedicine 

Transmission of medical data from patients to remote site physicians 
has long been in use, and this technology is continuously improving. 
Although still prohibitively expensive for routine commercial airline 
use, telemedicine will probably be increasingly utilized as jetliners 
carry more passengers, especially over routes where diversion land¬ 
ing sites are not always possible. 

Airport Medical Clinics 

Many large airports, especially international airports, have medical 
clinics on the premises. Some of these facilities are free-standing, 
others are part of their government's medical services. In general, 
they serve airport personnel and passengers in transit, but are usually 
not receiving units for passengers who become ill during flight. 

Handling of On-Board Deaths 

As stated earlier in this chapter, it has been estimated that the inci¬ 
dence of in-flight deaths from medical conditions is 0.3-1 per million 
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passengers. With the large numbers of passengers flying every day, it 
is not surprising that there will occasionally be on-board deaths, 
especially on long haul flights. The cabin attendants have the primary 
responsibility of attending to the situation. Only a medical doctor 
can formally pronounce a person dead. In addition, many airlines 
will not acknowledge a "do not resuscitate" (DNR) order due to juris¬ 
diction issues. Close cooperation between the airline and the 
involved governmental agencies needs to be established and care¬ 
fully followed. 

Post Airline Accident Tragedy Care 

The difference between the public perceptions concerning the 
handling of the two tragedies, TWA Flight 800 (1996) and Swiss 
Air 111 (1998), demonstrate the importance of a well organized 
airline tragedy response team. Following the crash and the ensuing 
public relations difficulties of TWA Flight 800, all airlines flying 
in the United States are required by federal law to have a family 
assistance plan in place that must be activated following a fatal 
air accident. The National Transportation and Safety Board 
has been tasked with the mission of being the federal coordinator 
for services to the families of the victims of aviation disasters, in 
order to ensure that family members are treated well and given 
access to crash sites, personal effects, and the remains of their 
loved ones. 

THE FUTURE OF MEDICAL CLEARANCE: 

THE SPACE TOURIST 

Commercial space tourism had its start with Dennis Tito (age 60- 
USA) on Soyuz TM-32 in April 2001. There have been five others as 
of this writing. These candidates had to undergo intense medical and 
physiological evaluation before selection, then continue with rigor¬ 
ous cosmonaut training in Star City, Russia. This, and a payment of 
over US$20 million, provides space tourists a stay of several days in 
the International Space Station. 
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With the successful flights in 2004 of SpaceShipOne, suborbital 
flight has been opened for much less rigorous and expensive com¬ 
mercial space tourism. It is likely that by the end of this decade space 
tourists will be regularly attaining altitudes of 100 km (62 miles, or 
328 000 feet). These flights will be relatively short (under an hour) 
with only a few minutes of weightlessness. 

Positive G-loads are expected to be between two and 4.5. These 
passengers will not be required to perform any missions, requiring 
much less physiological training, and allowing for medical condi¬ 
tions that would currently be disqualifying. Medical guidelines for 
commercial space tourists are already being discussed for suborbital 
trips 25 as well as orbital. 29 The focus is not on the kinds of medical 
problems the passenger might bring to the flight, but rather the pas¬ 
sengers' fitness to survive the flight. Even terminally ill individuals 
could safely experience suborbital flight, as long as they are other¬ 
wise healthy enough to endure the physiological stressors. 

In February 2005, the Federal Aviation Administration's (FAA) 
Commercial Space Transportation announced that the agency does 
not plan to certify the health of space tourists, and leaves that deci¬ 
sion up to a physician "trained in the concepts of aerospace medi¬ 
cine". And, until an accident or close call occurs, the Department of 
Transportation (DOT) and the FAA will apparently not step in and 
issue regulations to govern the design and operation of private space- 
launch vehicles, according to a provision in the Commercial Space 
Faunch Amendments Act of 2004. 

SUMMARY 

The vast majority of airline passengers travel safely, without notice¬ 
able impact on their health. FHistorically, regulatory agencies have 
been concerned with the safety aspects of the flight per se, and have 
shown little interest in passenger health issues. A combination of 
media sensationalism, inadequate research, and perceived disregard 
by the airlines have resulted in a variety of passenger health topics 
that are poorly understood by the traveling public and their health 
care providers. 
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Although complaints about health risks abound in the form of 
criticism by passengers and sensationalism by the lay media, not 
enough research has been performed to investigate the true inci¬ 
dence of passenger illness on commercial flights. It could be stated 
that more is known about the health effects of space flight on 
astronauts than is known about the health risks of routine com¬ 
mercial flights on normal people. Perhaps syncope and anxiety, 
which are common in-flight medical events, are an expression 
of underlying mild hypoxia. Perhaps passengers with relatively 
unstable diseases are now more willing to fly, falsely believing 
that the medical kits on board would be able to manage any unan¬ 
ticipated medical events. Perhaps passengers with risk factors for 
DVT should be encouraged to get up and walk the aisles; such 
measures should be weighed against the possibility of injuries 
from turbulence. 

The paucity of research into the area of passenger health 
stems primarily from the hesitancy of the airlines to expose their 
medical events to public scrutiny. In times of shrinking airline 
budgets, medical departments are hit especially hard. The aero¬ 
space medical community should pool its collective experience 
and address topics that have the greatest relevance to passenger 
health. Some topics are begging for research and are quite appro¬ 
priate areas for airline companies to assist in data collection. The 
airline industry should recognize that the promotion of passenger 
health issues will again increase their customers' support, loyalty, 
and trust, without necessarily exposing themselves to increased 
liabilities. 

Passengers and their physicians should be well informed and 
proactive in cases where medical conditions exist that could be 
adversely affected by flight. The aerospace medical community 
should continue to provide recommendations to these passengers, 
based on empirical evidence, which unfortunately remains pro¬ 
foundly inadequate. Despite the fact that passenger health is 
highly fertile ground for further study, a number of roadblocks 
has prevented meaningful research into this field. One can under¬ 
stand the reluctance of airlines to make information on passenger 
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medical events available; however, this could be done anony¬ 
mously through a central scientific organization such as AsMA or 
a non-biased governmental agency such as ICAO. This research 
would help aerospace medicine physicians develop a much better 
basis from which to make recommendations on in-flight passenger 
health issues. 

The author hopes this chapter, as an introduction to the topic of 
airline passenger health, will motivate those readers, who are in 
aerospace medicine research, to conduct some meaningful studies in 
this area, and that those readers from the airline industry are equally 
convinced that such research is worthwhile to support. It is neither 
obtrusive to the passengers nor is it a negative marketing factor. 
In contrast, it will be viewed by the customers as an indicator that the 
airlines are finally appreciating their physical needs. If the airlines 
respond to the outcomes, the passengers will thank them for it. 
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International Standards and 
Recommended Practices 

Chapter 1. Definitions and General 
Rules Concerning Licenses 

1.1 DEFINITIONS 

When the following terms are used in the Standards and Recommended 
Practices for Personnel Licensing, they have the following meanings: 

Accredited medical conclusion. The conclusion reached by one or 
more medical experts acceptable to the Licensing Authority for the 
purposes of the case concerned, in consultation with flight opera¬ 
tions or other experts as necessary. 

Aeroplane. A power-driven heavier-than-air aircraft, deriving its lift in 
flight chiefly from aerodynamic reactions on surfaces which remain 
fixed under given conditions of flight. 

Aircraft. Any machine that can derive support in the atmosphere 
from the reactions of the air other than the reactions of the air against 
the earth's surface. 

Aircraft avionics. A term designating any electronic device — including 
its electrical part — for use in an aircraft, including radio, automatic 
flight control and instrument systems. 

Aircraft — category. Classification of aircraft according to specified 
basic characteristics, e.g. aeroplane, helicopter, glider, free balloon. 

Aircraft certificated for single-pilot operation. A type of aircraft 
which the State of Registry has determined, during the certification 
process, can be operated safely with a minimum crew of one pilot. 
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Aircraft required to be operated with a co-pilot. A type of aircraft 
that is required to be operated with a co-pilot, as specified in the 
flight manual or by the air operator certificate. 

Aircraft — type of. All aircraft of the same basic design including all 
modifications thereto except those modifications which result in a 
change in handling or flight characteristics. 

Airmanship. The consistent use of good judgement and well-developed 
knowledge, skills and attitudes to accomplish flight objectives. 

Airship. A power-driven lighter-than-air aircraft. 

Approved maintenance organization. An organization approved by 
a Contracting State, in accordance with the requirements of Annex 6, 
Part I, Chapter 8 — Aeroplane Maintenance, to perform maintenance 
of aircraft or parts thereof and operating under supervision approved 
by that State. 

Note. — Nothing in this definition is intended to preclude that the 
organization and its supervision be approved by more than one State. 

Approved training. Training conducted under special curricula and 
supervision approved by a Contracting State that, in the case of 
flight crew members, is conducted within an approved training 
organization. 

Approved training organization. An organization approved by a 
Contracting State in accordance with the requirements of Annex 1, 
1.2.8.2 and Appendix 2 to perform flight crew training and operating 
under the supervision of that State. 

Balloon. A non-power-driven lighter-than-air aircraft. 

Note. — For the purposes of this Annex, this definition applies to free 
balloons. 

Certify as airworthy (to). To certify that an aircraft or parts thereof 
comply with current airworthiness requirements after maintenance 
has been performed on the aircraft or parts thereof. 
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Commercial air transport operation. An aircraft operation involving 
the transport of passengers, cargo or mail for remuneration or hire. 

Competency. A combination of skills, knowledge and attitudes 
required to perform a task to the prescribed standard. 

Competency element. An action that constitutes a task that has a trig¬ 
gering event and a terminating event that clearly defines its limits, 
and an observable outcome. 

Competency unit. A discrete function consisting of a number of com¬ 
petency elements. 

Co-pilot. A licensed pilot serving in any piloting capacity other than 
as pilot-in-command but excluding a pilot who is on board the air¬ 
craft for the sole purpose of receiving flight instruction. 

Credit. Recognition of alternative means or prior qualifications. 

Cross-country. A flight between a point of departure and a point 
of arrival following a pre-planned route using standard navigation 
procedures. 

Dual instruction time. Flight time during which a person is receiving 
flight instruction from a properly authorized pilot on board the aircraft. 

Error. An action or inaction by the flight crew that leads to deviations 
from organizational or flight crew intentions or expectations. 

Error management. The process of detecting and responding to errors 
with countermeasures that reduce or eliminate the consequences 
of errors and mitigate the probability of further errors or undesired 
aircraft states. 

Note. — See Attachment C to Chapter 3 of the Procedures for Air 
Navigation Services — Training (PANS-TRC, Doc 9868) fora descrip¬ 
tion of undesired aircraft states. 

Flight crew member. A licensed crew member charged with duties 
essential to the operation of an aircraft during a flight duty period. 
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Flight plan. Specified information provided to air traffic services 
units, relative to an intended flight or portion of a flight of an aircraft. 

Flight procedures trainer. See Flight simulation training device. 

Flight simulation training device. Any one of the following three 
types of apparatus in which flight conditions are simulated on the 
ground: 

A flight simulator, which provides an accurate representation of the 
flight deck of a particular aircraft type to the extent that the mechan¬ 
ical, electrical, electronic, etc. aircraft systems control functions, 
the normal environment of flight crew members, and the perform¬ 
ance and flight characteristics of that type of aircraft are realistically 
simulated; 

A flight procedures trainer, which provides a realistic flight deck envi¬ 
ronment, and which simulates instrument responses, simple control 
functions of mechanical, electrical, electronic, etc. aircraft systems, 
and the performance and flight characteristics of aircraft of a partic¬ 
ular class; 

A basic instrument flight trainer, which is equipped with appropriate 
instruments, and which simulates the flight deck environment of an 
aircraft in flight in instrument flight conditions. 

Flight simulator. See Flight simulation training device. 

Flight time — aeroplanes. The total time from the moment an aero¬ 
plane first moves for the purpose of taking off until the moment it 
finally comes to rest at the end of the flight. 

Note. — Flight time as here defined is synonymous with the term 
"block to block" time or "chock to chock" time in general usage 
which is measured from the time an aeroplane first moves for the pur¬ 
pose of taking off until it finally stops at the end of the flight. 

Flight time — helicopters. The total time from the moment a heli¬ 
copter's rotor blades start turning until the moment the helicopter 



Appendix I 


713 


finally comes to rest at the end of the flight, and the rotor blades are 
stopped. 

Glider. A non-power-driven heavier-than-air aircraft, deriving its lift 
in flight chiefly from aerodynamic reactions on surfaces which 
remain fixed under given conditions of flight. 

Glider flight time. The total time occupied in flight, whether being 
towed or not, from the moment the glider first moves for the purpose 
of taking off until the moment it comes to rest at the end of the flight. 

Helicopter. A heavier-than-air aircraft supported in flight chiefly by 
the reactions of the air on one or more power-driven rotors on sub¬ 
stantially vertical axes. 

Human performance. Human capabilities and limitations which have 
an impact on the safety and efficiency of aeronautical operations. 

Instrument flight time. Time during which a pilot is piloting an aircraft 
solely by reference to instruments and without external reference 
points. 

Instrument ground time. Time during which a pilot is practising, on 
the ground, simulated instrument flight in a flight simulation training 
device approved by the Licensing Authority. 

Instrument time. Instrument flight time or instrument ground time. 

Licensing Authority. The Authority designated by a Contracting State 
as responsible for the licensing of personnel. 

Note. — In the provisions of this Annex, the Licensing Authority is 
deemed to have been given the following responsibilities by the 
Contracting State: 

a) assessment of an applicant's qualifications to hold a license or 
rating; 

b) issue and endorsement of licenses and ratings; 

c) designation and authorization of approved persons; 

d) approval of training courses; 
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e) approval of the use of flight simulation training devices and 
authorization for their use in gaining the experience or in demon¬ 
strating the skill required for the issue of a license or rating; and 

f) validation of licenses issued by other Contracting States. 

Likely. In the context of the medical provisions in Chapter 6, likely 
means with a probability of occurring that is unacceptable to the 
medical assessor. 

Maintenance. The performance of tasks required to ensure the con¬ 
tinuing airworthiness of an aircraft, including any one or combination 
of overhaul, inspection, replacement, defect rectification, and the 
embodiment of a modification or repair. 

Medical Assessment. The evidence issued by a Contracting State that 
the license holder meets specific requirements of medical fitness. 

Medical assessor. A physician qualified and experienced in the prac¬ 
tice of aviation medicine who evaluates medical reports submitted to 
the Licensing Authority by medical examiners. 

Medical examiner. A physician with training in aviation medicine 
and practical knowledge and experience of the aviation environ¬ 
ment, who is designated by the Licensing Authority to conduct med¬ 
ical examinations of fitness of applicants for licenses or ratings for 
which medical requirements are prescribed. 

Night. The hours between the end of evening civil twilight and the 
beginning of morning civil twilight or such other period between sun¬ 
set and sunrise, as may be prescribed by the appropriate authority. 

Note. — Civil twilight ends in the evening when the centre of the 
sun's disc is 6 degrees below the horizon and begins in the morning 
when the centre of the sun's disc is 6 degrees below the horizon. 

Performance criteria. Simple, evaluative statements on the required 
outcome of the competency element and a description of the criteria 
used to judge whether the required level of performance has been 
achieved. 
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Pilot (to). To manipulate the flight controls of an aircraft during 
flight time. 

Pilot-in-command. The pilot designated by the operator, or in the 
case of general aviation, the owner, as being in command and 
charged with the safe conduct of a flight. 

Pilot-in-command under supervision. Co-pilot performing, under the 
supervision of the pilot-in-command, the duties and functions of a 
pilot-in-command, in accordance with a method of supervision 
acceptable to the Licensing Authority. 

Powered-lift. A heavier-than-air aircraft capable of vertical take-off, ver¬ 
tical landing, and low-speed flight, which depends principally on 
engine-driven lift devices or engine thrust for the lift during these flight 
regimes and on non-rotating aerofoil(s) for lift during horizontal flight. 

Problematic use of substances. The use of one or more psychoactive 
substances by aviation personnel in a way that: 

a) constitutes a direct hazard to the user or endangers the lives, 
health or welfare of others; and/or 

b) causes or worsens an occupational, social, mental or physical 
problem or disorder. 

Psychoactive substances. Alcohol, opioids, cannabinoids, sedatives 
and hypnotics, cocaine, other psychostimulants, hallucinogens, and 
volatile solvents, whereas coffee and tobacco are excluded. 

Quality system. Documented organizational procedures and policies; 
internal audit of those policies and procedures; management review 
and recommendation for quality improvement. 

Rated air traffic controller. An air traffic controller holding a license 
and valid ratings appropriate to the privileges to be exercised. 

Rating. An authorization entered on or associated with a license and 
forming part thereof, stating special conditions, privileges or limitations 
pertaining to such license. 
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Rendering (a license) valid. The action taken by a Contracting State, 
as an alternative to issuing its own license, in accepting a license 
issued by any other Contracting State as the equivalent of its own 
license. 

Sign a maintenance release (to). To certify that maintenance work 
has been completed satisfactorily in accordance with the applicable 
Standards of airworthiness, by issuing the maintenance release 
referred to in Annex 6. 

Significant. In the context of the medical provisions in Chapter 6, 
significant means to a degree or of a nature that is likely to jeopardize 
flight safety. 

Solo flight time. Flight time during which a student pilot is the sole 
occupant of an aircraft. 

Threat. Events or errors that occur beyond the influence of the flight 
crew, increase operational complexity and must be managed to 
maintain the margin of safety. 

Threat management. The process of detecting and responding to 
threats with countermeasures that reduce or eliminate the conse¬ 
quences of threats and mitigate the probability of errors or undesired 
aircraft states. 

Note. — See Attachment C to Chapter 3 of the Procedures for Air 
Navigation Services — Training (PANS-TRC, Doc 9868) fora descrip¬ 
tion of undesired aircraft states. 

1.2 GENERAL RULES CONCERNING LICENSES 

Note 7. —Although the Convention on International Civil Aviation 
allocates to the State of Registry certain functions which that State 
is entitled to discharge, or obligated to discharge, as the case may be, 
the Assembly recognized, in Resolution A23-I3, that the State of 
Registry may be unable to fulfil its responsibilities adequately in 
instances where aircraft are leased, chartered or interchanged — in 
particular without crew — by an operator of another State and that the 
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Convention may not adequately specify the rights and obligations of the 
State of an operator in such instances until such time as Article 83 
bis of the Convention enters into force. Accordingly, the Council 
urged that if, in the above-mentioned instances, the State of Registry 
finds itself unable to discharge adequately the functions allocated to 
it by the Convention, it delegate to the State of the Operator, subject 
to acceptance by the latter State, those functions of the State of 
Registry that can more adequately be discharged by the State of the 
Operator. While Article 83 bis of the Convention entered into force 
on 20 June 1997 in respect of Contracting States which have ratified 
the related Protocol (Doc 9318), the foregoing action will remain 
particularly relevant for those Contracting States which do not have 
treaty relations under Article 83 bis. It was understood that pending 
entry into force of Article 83 bis of the Convention, the foregoing 
action would only be a matter of practical convenience and would 
not affect either the provisions of the Chicago Convention prescrib¬ 
ing the duties of the State of Registry or any third State. However, as 
Article 83 bis of the Convention entered into force on 20 June 1997, 
such transfer agreements will have effect in respect of Contracting 
States which have ratified the related Protocol (Doc 9318) upon ful¬ 
filment of the conditions established in Article 83 bis. 

Note 2. — International Standards and Recommended Practices are 
established for licensing the following personnel: 

a) Flight crew 

— private pilot — aeroplane, airship, helicopter or powered-lift; 

— commercial pilot — aeroplane, airship, helicopter or powered-lift; 

— multi-crew pilot — aeroplane; 

— airline transport pilot — aeroplane, helicopter or powered-lift 

— glider pilot; 

— free balloon pilot; 

— flight navigator; 

— flight engineer. 

b) Other personnel 

— aircraft maintenance (technician/engineer/mechanic); 
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— air traffic controller; 

— flight operations officer/flight dispatcher; 

— aeronautical station operator. 

1.2.1 Authority to Act as a Flight Crew Member 

A person shall not act as a flight crew member of an aircraft unless a 
valid license is held showing compliance with the specifications of 
this Annex and appropriate to the duties to be performed by that per¬ 
son. The license shall have been issued by the State of Registry of that 
aircraft or by any other Contracting State and rendered valid by the 
State of Registry of that aircraft. 

Note. — Article 29 of the Convention on International Civil Aviation 
requires that the flight crew members carry their appropriate licenses 
on board every aircraft engaged in international air navigation. 

1.2.2 Method of Rendering a License Valid 

1.2.2.1 When a Contracting State renders valid a license issued by 
another Contracting State, as an alternative to the issuance of its own 
license, it shall establish validity by suitable authorization to be car¬ 
ried with the former license accepting it as the equivalent of the lat¬ 
ter. When a State limits the authorization to specific privileges, the 
authorization shall specify the privileges of the license which are to 
be accepted as its equivalent. The validity of the authorization shall 
not extend beyond the period of validity of the license. The authori¬ 
zation ceases to be valid if the license upon which it was issued is 
revoked or suspended. 

Note. — This provision is not intended to preclude the State that 
issued the license from extending; by a suitable notification, the 
period of validity of the license without necessarily requiring either 
the physical return of the license or the appearance of the license 
holder before the Authorities of that State. 

1.2.2.2 When an authorization under 1.2.2.1 is issued for use in 
commercial air transport operations, the Licensing Authority shall 
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confirm the validity of the other Contracting State's license before 
issuing the authorization. 

1.2.1.3 Recommendation. — A pilot license issued by a Contracting 
State should be rendered valid by other Contracting States for use in 
private flights. 

Note. — Contracting States which, without formality, render valid a 
license issued by another Contracting State for use in private flights 
are encouraged to notify this facility in their Aeronautical Information 
Publications. 

1.2.3 Privileges of the Holder of a License 

A Contracting State shall not permit the holder of a license to exer¬ 
cise privileges other than those granted by that license. 

1.2.4 Medical Fitness 

Note 7. — Guidance material is published in the Manual of Civil 
Aviation Medicine (Doc 8984). 

Note 2. — To satisfy the licensing requirements of medical fitness for 
the issue of various types of licenses, the applicant must meet certain 
appropriate medical requirements which are specified as three 
classes of Medical Assessment. Details are given in 6.2, 6.3, 6.4 
and 6.5. To provide the necessary evidence to satisfy the require¬ 
ments of 1.2.4.1, the Licensing Authority issues the license holder 
with the appropriate Medical Assessment, Class I, Class 2 or Class 3. 
This can be done in several ways such as a suitably titled separate 
certificate, a statement on the license, a national regulation stipulat¬ 
ing that the Medical Assessment is an integral part of the license, etc. 

1.2.4.1 An applicant for a license shall, when applicable, hold a 
Medical Assessment issued in accordance with the provisions of 
Chapter 6. 

1.2.4.2 The period of validity of a Medical Assessment shall begin 
on the day the medical examination is performed. The duration of the 
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period of validity shall be in accordance with the provisions of 
1.2.5.2. 

1.2.4.2.1 The period of validity of a Medical Assessment may be 
extended, at the discretion of the Licensing Authority, up to 45 days. 

Note. — It is advisable to let the calendar day on which the 
Medical Assessment expires remain constant year after year by 
allowing the expiry date of the current Medical Assessment to be 
the beginning of the new validity period under the proviso that the 
medical examination takes place during the period of validity of 
the current Medical Assessment but no more than 45 days before 
it expires. 

1.2.4.3 Except as provided in 1.2.5.2.4, flight crew members or air traf¬ 
fic controllers shall not exercise the privileges of their license unless 
they hold a current Medical Assessment appropriate to the license. 

1.2.4.4 Contracting States shall designate medical examiners, quali¬ 
fied and licensed in the practice of medicine, to conduct medical 
examinations of fitness of applicants for the issue or renewal of the 
licenses or ratings specified in Chapters 2 and 3, and of the appro¬ 
priate licenses specified in Chapter 4. 

1.2.4.4.1 Medical examiners shall have received training in aviation 
medicine and shall receive refresher training at regular intervals. 
Before designation, medical examiners shall demonstrate adequate 
competency in aviation medicine. 

1.2.4.4.2 Medical examiners shall have practical knowledge and 
experience of the conditions in which the holders of licenses and rat¬ 
ings carry out their duties. 

Note. — Examples of practical knowledge and experience are flight 
experience, simulator experience, on-site observation or any other 
hands-on experience deemed by the Licensing Authority to meet this 
requirement. 

1.2.4.5 Applicants for licenses or ratings for which medical fitness is 
prescribed shall sign and furnish to the medical examiner a declaration 
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stating whether they have previously undergone such an examination 
and, if so, the date, place and result of the last examination. They 
shall indicate to the examiner whether a Medical Assessment has 
previously been refused, revoked or suspended and, if so, the reason 
for such refusal, revocation or suspension. 

1.2.4.5.1 Any false declaration to a medical examiner made by an 
applicant for a license or rating shall be reported to the Licensing 
Authority of the issuing State for such action as may be considered 
appropriate. 

1.2.4.6 Having completed the medical examination of the applicant 
in accordance with Chapter 6, the medical examiner shall coordi¬ 
nate the results of the examination and submit a signed report, or 
equivalent, to the Licensing Authority, in accordance with its require¬ 
ments, detailing the results of the examination and evaluating the 
findings with regard to medical fitness. 

1.2.4.6.1 If the medical report is submitted to the Licensing Authority 
in electronic format, adequate identification of the examiner shall be 
established. 

1.2.4.6.2 If the medical examination is carried out by two or more 
medical examiners, Contracting States shall appoint one of these to be 
responsible for coordinating the results of the examination, evaluating 
the findings with regard to medical fitness, and signing the report. 

1.2.4.7 Contracting States shall use the services of medical assessors 
to evaluate reports submitted to the Licensing Authorities by medical 
examiners. 

1.2.4.7.1 The medical examiner shall be required to submit suffi¬ 
cient medical information to the Licensing Authority to enable the 
Authority to audit Medical Assessments. 

Note. — The purpose of such auditing is to ensure that medical 
examiners meet applicable standards for good practice. 

1.2.4.8 If the medical Standards prescribed in Chapter 6 for a par¬ 
ticular license are not met, the appropriate Medical Assessment 
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shall not be issued or renewed unless the following conditions are 
fulfilled: 

a) accredited medical conclusion indicates that in special circum¬ 
stances the applicant's failure to meet any requirement, whether 
numerical or otherwise, is such that exercise of the privileges of 
the license applied for is not likely to jeopardize flight safety; 

b) relevant ability, skill and experience of the applicant and opera¬ 
tional conditions have been given due consideration; and 

c) the license is endorsed with any special limitation or limitations 
when the safe performance of the license holder's duties is 
dependent on compliance with such limitation or limitations. 

1.2.4.9 Medical confidentiality shall be respected at all times. 

1.2.4.9.1 All medical reports and records shall be securely held with 
accessibility restricted to authorized personnel. 

1.2.4.9.2 When justified by operational considerations, the medical 
assessor shall determine to what extent pertinent medical information 
is presented to relevant officials of the Licensing Authority. 

1.2.5 Validity of Licenses 

1.2.5.1 A Contracting State, having issued a license, shall ensure 
that the privileges granted by that license, or by related ratings, are 
not exercised unless the holder maintains competency and meets the 
requirements for recent experience established by that State. 

1.2.5.1.1 Recommendation. — A Contracting State should establish 
maintenance of competency and recent experience requirements for 
pilot licenses and ratings based on a systematic approach to accident 
prevention and should include a risk assessment process and analysis 
of current operations, including accident and incident data appropri¬ 
ate to that State. 

1.2.5.1.2 A Contracting State, having issued a license, shall ensure 
that other Contracting States are enabled to be satisfied as to the 
validity of the license. 
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Note I. — The maintenance of competency of flight crew members, 
engaged in commercial air transport operations, may be satisfactorily 
established by demonstration of skill during proficiency flight checks 
completed in accordance with Annex 6. 

Note 2. — Maintenance of competency may be satisfactorily 
recorded in the operator's records, or in the flight crew member's per¬ 
sonal log book or license. 

Note 3. — Flight crew members may, to the extent deemed feasible 
by the State of Registry, demonstrate their continuing competency in 
flight simulation training devices approved by that State. 

Note 4. — See the Manual of Criteria for the Qualification of Flight 
Simulators (Doc 9625). 

Note 5. — See the Manual of Procedures for Establishment and 
Management of a State's Personnel Licensing System (Doc 9379) 
for guidance material on the development of a risk assessment 
process. 

1.2.5.2 Except as provided in 1.2.5.2.1, 1.2.5.2.2, 1.2.5.2.3, 1.2.5.2.4, 
1.2.5.2.5 and 1.2.5.2.6, a Medical Assessment issued in accordance 
with 1.2.4.5 and 1.2.4.6 shall be valid from the date of the medical 
examination for a period not greater than: 

60 months for the private pilot license — aeroplane, airship, heli¬ 
copter and powered-lift; 

12 months for the commercial pilot license — aeroplane, airship, 
helicopter and powered-lift; 

12 months for the multi-crew pilot license — aeroplane; 

12 months for the airline transport pilot license — aeroplane, helicop¬ 
ter and powered-lift; 

60 months for the glider pilot license; 

60 months for the free balloon pilot license; 

12 months for the flight navigator license; 

12 months for the flight engineer license; 

48 months for the air traffic controller license. 
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Note 7. — The periods of validity listed above may be extended by 
up to 45 days in accordance with 1.2.4.2.1. 

Note 2. — When calculated in accordance with 1.2.5.2 and its sub- 
paragraphs, the period of validity will, for the last month counted, 
include the day that has the same calendar number as the date of the 
medical examination or, if that month has no day with that number, 
the last day of that month. 

1.2.5.2.1 The period of validity of a Medical Assessment may be 
reduced when clinically indicated. 

1.2.5.2.2 When the holders of airline transport pilot licenses — aero¬ 
plane, helicopter and powered-lift, and commercial pilot licenses — 
aeroplane, airship, helicopter and powered-lift, who are engaged in 
single-crew commercial air transport operations carrying passengers, 
have passed their 40th birthday, the period of validity specified in 

1.2.5.2 shall be reduced to six months. 

1.2.5.2.3 When the holders of airline transport pilot licenses — aero¬ 
plane, helicopter and powered-lift, commercial pilot licenses — 
aeroplane, airship, helicopter and powered-lift, and multi-crew pilot 
licenses — aeroplane, who are engaged in commercial air transport 
operations, have passed their 60th birthday, the period of validity 
specified in 1.2.5.2 shall be reduced to six months. 

1.2.5.2.4 When the holders of private pilot licenses — aeroplane, 
airship, helicopter and powered-lift, free balloon pilot licenses, glider 
pilot licenses and air traffic controller licenses have passed their 40th 
birthday, the period of validity specified in 1.2.5.2 shall be reduced 
to 24 months. 

1.2.5.2.5 Recommendation. — When the holders of private pilot 
licenses — aeroplane, airship, helicopter and powered-lift, free bal¬ 
loon pilot licenses, glider pilot licenses and air traffic controller 
licenses have passed their 50th birthday, the period of validity specified 
in 1.2.5.2 should be further reduced to 12 months. 

Note. — The periods of validity listed above are based on the age of 
the applicant at the time of undergoing the medical examination. 
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1.2.5.2.6 Circumstances in which a medical examination may be 
deferred. The prescribed re-examination of a license holder operat¬ 
ing in an area distant from designated medical examination facilities 
may be deferred at the discretion of the Licensing Authority, provided 
that such deferment shall only be made as an exception and shall not 
exceed: 

a) a single period of six months in the case of a flight crew member 
of an aircraft engaged in non-commercial operations; 

b) two consecutive periods each of three months in the case of a 
flight crew member of an aircraft engaged in commercial opera¬ 
tions provided that in each case a favorable medical report is 
obtained after examination by a designated medical examiner of 
the area concerned, or, in cases where such a designated med¬ 
ical examiner is not available, by a physician legally qualified to 
practise medicine in that area. A report of the medical examina¬ 
tion shall be sent to the Licensing Authority where the license 
was issued; 

c) in the case of a private pilot, a single period not exceeding 
24 months where the medical examination is carried out by an 
examiner designated under 1.2.4.4 by the Contracting State in 
which the applicant is temporarily located. A report of the med¬ 
ical examination shall be sent to the Licensing Authority where 
the license was issued. 

1.2.6 Decrease in Medical Fitness 

1.2.6.1 Holders of licenses provided for in this Annex shall not exer¬ 
cise the privileges of their licenses and related ratings at any time when 
they are aware of any decrease in their medical fitness which might 
render them unable to safely and properly exercise these privileges. 

1.2.6.1.1 Recommendation. — License holders should inform the 
Licensing Authority of confirmed pregnancy or any decrease in medical 
fitness of a duration of more than 20 days or which requires continued 
treatment with prescribed medication or which has required hospital 
treatment. 
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1.2.6.1.2 Recommendation. — Each Contracting State should, as far as 
practicable, ensure that license holders do not exercise the privileges of 
their licenses and related ratings during any period in which their med¬ 
ical fitness has, from any cause, decreased to an extent that would have 
prevented the issue or renewal of their Medical Assessment. 

1.2.7 Use of Psychoactive Substances 

1.2.7.1 Holders of licenses provided for in this Annex shall not exer¬ 
cise the privileges of their licenses and related ratings while under the 
influence of any psychoactive substance which might render them 
unable to safely and properly exercise these privileges. 

1.2.7.2 Holders of licenses provided for in this Annex shall not 
engage in any problematic use of substances. 

1.2.7.3 Recommendation. — Contracting States should ensure, as 
far as practicable, that all license holders who engage in any kind of 
problematic use of substances are identified and removed from their 
safety-critical functions. Return to the safety-critical functions may be 
considered after successful treatment or, in cases where no treatment 
is necessary, after cessation of the problematic use of substances and 
upon determination that the person's continued performance of the 
function is unlikely to jeopardize safety. 

Note. — Guidance on suitable methods of identification (which may 
include biochemical testing on such occasions as pre-employment, 
upon reasonable suspicion, after accidents/incidents, at intervals, 
and at random) and on other prevention topics is contained in the 
Manual on Prevention of Problematic Use of Substances in the 
Aviation Workplace (Doc 9654). 

1.2.8 Approved Training and Approved Training 
Organization 

Note. — The qualifications required for the issue of personnel 
licenses can be more readily and speedily acquired by applicants 
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who undergo closely supervised, systematic and continuous courses of 
training, conforming to a planned syllabus or curriculum. Provision has 
accordingly been made for some reduction in the experience require¬ 
ments for the issue of certain licenses and ratings prescribed in these 
Standards and Recommended Practices, in respect of an applicant who 
has satisfactorily completed a course of approved training. 

1.2.8.1 Approved training shall provide a level of competency at 
least equal to that provided by the minimum experience requirement 
for personnel not receiving such approved training. 

1.2.8.2 The approval of a training organization by a State shall be 
dependent upon the applicant demonstrating compliance with the 
requirements of Appendix 2. 

Note. — Guidance on approval of a flight crew training organization 
can be found in the Manual on the Approval of Flight Crew Training 
Organizations (Doc 9841). 


1.2.9 Language Proficiency 

1.2.9.1 Aeroplane, airship, helicopter and powered-lift pilots and 
those flight navigators who are required to use the radio telephone 
aboard an aircraft shall demonstrate the ability to speak and under¬ 
stand the language used for radiotelephony communications. 

Note. — Pursuant to Article 42 of the Convention on International Civil 
Aviation, paragraph 1.2.9.1 does not apply to personnel whose licenses 
are originally issued prior to 5 March 2004 but, in any case, does apply 
to personnel whose licenses remain valid after 5 March 2008. 

1.2.9.2 Air traffic controllers and aeronautical station operators shall 
demonstrate the ability to speak and understand the language used 
for radiotelephony communications. 

1.2.9.3 Recommendation. — Flight engineers, and glider and free 
balloon pilots should have the ability to speak and understand the 
language used for radiotelephony communications. 
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1.2.9.4 As of 5 March 2008, aeroplane, airship, helicopter and 
powered-lift pilots, air traffic controllers and aeronautical station 
operators shall demonstrate the ability to speak and understand the 
language used for radiotelephony communications to the level spec¬ 
ified in the language proficiency requirements in Appendix 1. 

1.2.9.5 Recommendation. — Aeroplane, airship, helicopter and 
powered-lift pilots, flight navigators required to use the radiotele¬ 
phone aboard an aircraft, air traffic controllers and aeronautical sta¬ 
tion operators should demonstrate the ability to speak and 
understand the language used for radiotelephony communications to 
the level specified in the language proficiency requirements in 
Appendix 7. 

1.2.9.6 As of 5 March 2008, the language proficiency of aeroplane, 
airship, helicopter and powered-lift pilots, air traffic controllers and 
aeronautical station operators who demonstrate proficiency below 
the Expert Level (Level 6) shall be formally evaluated at intervals in 
accordance with an individual's demonstrated proficiency level. 

1.2.9.7 Recommendation. — The language proficiency of aeroplane, 
airship, helicopter and powered-lift pilots, flight navigators required 
to use the radiotelephone aboard an aircraft, air traffic controllers 
and aeronautical station operators who demonstrate proficiency 
below the Expert Level (Level 6) should be formally evaluated at 
intervals in accordance with an individual's demonstrated profi¬ 
ciency level, as follows: 

a) those demonstrating language proficiency at the Operational Level 
(Level 4) should be evaluated at least once every three years; and 

b) those demonstrating language proficiency at the Extended Level 
(Level 5) should be evaluated at least once every six years. 

Note 7. — Formal evaluation is not required for applicants who 
demonstrate expert language proficiency, e.g. native and very profi¬ 
cient non-native speakers with a dialect or accent intelligible to the 
international aeronautical community 
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Note 2. — The provisions of 1.2.9 refer to Annex 10, Volume II, 
Chapter 5, whereby the language used for radiotelephony communi¬ 
cations may be the language normally used by the station on the 
ground or English. In practice, therefore, there will be situations 
whereby flight crew members will only need to speak the language 
normally used by the station on the ground. 
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Chapter 6. Medical Provisions for Licensing 


Note 7. — The Standards and Recommended Practices established 
in this chapter cannot, on their own, be sufficiently detailed to 
cover all possible individual situations. Of necessity, many deci¬ 
sions relating to the evaluation of medical fitness must be left to the 
judgement of the individual medical examiner. The evaluation 
must, therefore, be based on a medical examination conducted 
throughout in accordance with the highest standards of medical 
practice. 

Note 2. — Predisposing factors for disease, such as obesity and 
smoking, may be important for determining whether further evalua¬ 
tion or investigation is necessary in an individual case. 

Note 3. — In cases where the applicant does not fully meet the 
medical requirements and in complicated and unusual cases, the 
evaluation may have to be deferred and the case submitted to 
the medical assessor of the Licensing Authority for final evalua¬ 
tion. In such cases due regard must be given to the privileges 
granted by the license applied for or held by the applicant for the 
Medical Assessment, and the conditions under which the license 
holder is going to exercise those privileges in carrying out 
assigned duties. 

Note 4. — Attention is called to the administrative clause in 1.2.4.8 
dealing with accredited medical conclusion. 

Note 5. — Guidance material to assist Licensing Authorities and 
medical examiners is published separately in the Manual of Civil 
Aviation Medicine (Doc 8984). This guidance material also contains 
a discussion of the terms "likely" and "significant" as used in the con¬ 
text of the medical provisions in Chapter 6. 



Appendix I 


731 


6.1 MEDICAL ASSESSMENTS —GENERAL 

6.1.1 Classes of Medical Assessment 

Three classes of Medical Assessment shall be established as 
follows: 

a) Class 1 Medical Assessment; 

applies to applicants for, and holders of: 

— commercial pilot licenses — aeroplane, airship, helicopter 
and powered-lift 

— multi-crew pilot licenses — aeroplane 

— airline transport pilot licenses — aeroplane, helicopter and 
powered-lift 

b) Class 2 Medical Assessment; 

applies to applicants for, and holders of: 

— flight navigator licenses 

— flight engineer licenses 

— private pilot licenses — aeroplane, airship, helicopter and 
powered-lift 

— glider pilot licenses 

— free balloon pilot licenses 

c) Class 3 Medical Assessment; 

applies to applicants for, and holders of: 

— air traffic controller licenses. 

6.1.2 The applicant for a Medical Assessment shall provide the 
medical examiner with a personally certified statement of medical 
facts concerning personal, familial and hereditary history. The 
applicant shall be made aware of the necessity for giving a state¬ 
ment that is as complete and accurate as the applicant's knowledge 
permits, and any false statement shall be dealt with in accordance 
with 1.2.4.5.1. 

6.1.3 The medical examiner shall report to the Licensing Authority 
any individual case where, in the examiner's judgement, an applicant's 
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failure to meet any requirement, whether numerical or otherwise, 
is such that exercise of the privileges of the license being applied for, 
or held, is not likely to jeopardize flight safety (1.2.4.8). 

6.1.4 The requirements to be met for the renewal of a Medical 
Assessment are the same as those for the initial assessment except 
where otherwise specifically stated. 

Note. — The intervals between routine medical examinations for the 
purpose of renewing Medical Assessments are specified in 1.2.5.2. 

6.2 REQUIREMENTS FOR MEDICAL ASSESSMENTS 

6.2.1 General 

An applicant for a Medical Assessment issued in accordance with the 
terms of 1.2.4.1 shall undergo a medical examination based on the 
following requirements: 

a) physical and mental; 

b) visual and colour perception; and 

c) hearing. 

6.2.2 Physical and Mental Requirements 

An applicant for any class of Medical Assessment shall be required to 
be free from: 

a) any abnormality, congenital or acquired; or 

b) any active, latent, acute or chronic disability; or 

c) any wound, injury or sequelae from operation; or 

d) any effect or side-effect of any prescribed or non-prescribed ther¬ 
apeutic, diagnostic or preventive medication taken; 

such as would entail a degree of functional incapacity which is likely 
to interfere with the safe operation of an aircraft or with the safe 
performance of duties. 
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Note. — Use of herbal medication and alternative treatment modal¬ 
ities requires particular attention to possible side-effects. 

6.2.3 Visual Acuity Test Requirements 

6.2.3.1 The methods in use for the measurement of visual acuity are 
likely to lead to differing evaluations. To achieve uniformity, there¬ 
fore, Contracting States shall ensure that equivalence in the methods 
of evaluation be obtained. 

6.2.3.2 Recommendation.— The following should be adopted for 
tests of visual acuity: 

a) Visual acuity tests should be conducted in an environment with 
a level of illumination that corresponds to ordinary office illumi¬ 
nation (30-60 cd/rrr). 

b) Visual acuity should be measured by means of a series of Landolt 
rings or similar optotypes, placed at a distance from the applicant 
appropriate to the method of testing adopted. 

6.2.4 Colour Perception Requirements 

6.2.4.1 Contracting States shall use such methods of examination as 
will guarantee reliable testing of colour perception. 

6.2.4.2 The applicant shall be required to demonstrate the ability to 
perceive readily those colours the perception of which is necessary 
for the safe performance of duties. 

6.2.4.3 The applicant shall be tested for the ability to correctly iden¬ 
tify a series of pseudoisochromatic plates in daylight or in artificial 
light of the same colour temperature such as that provided by CIE 
standard illuminants C or D 65 as specified by the International 
Commission on Illumination (CIE). 

6.2.4.4 An applicant obtaining a satisfactory result as prescribed by 
the Licensing Authority shall be assessed as fit. An applicant failing 
to obtain a satisfactory result in such a test shall be assessed as unfit 
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unless able to readily distinguish the colours used in air navigation 
and correctly identify aviation coloured lights. Applicants who fail to 
meet these criteria shall be assessed as unfit except for Class 2 assess¬ 
ment with the following restriction: valid daytime only. 

Note. — Guidance on suitable methods of assessing colour vision is 
contained in the Manual of Civil Aviation Medicine (Doc 8984). 

6.2.4.4.1 Recommendation. — Sunglasses worn during the exercise of 
the privileges of the license or rating held should be non-polarizing 
and of a neutral grey tint. 

6.2.5 Hearing Test Requirements 

6.2.5.1 Contracting States shall use such methods of examination as 
will guarantee reliable testing of hearing. 

6.2.5.2 Applicants shall be required to demonstrate a hearing perform¬ 
ance sufficient for the safe exercise of their license and rating privileges. 

6.2.5.3 Applicants for Class 1 Medical Assessments shall be tested by 
pure-tone audiometry at first issue of the Assessment, not less than 
once every five years up to the age of 40 years, and thereafter not less 
than once every two years. 

6.2.5.3.1 Alternatively, other methods providing equivalent results 
may be used. 

6.2.5.4 Applicants for Class 3 Medical Assessments shall be tested by 
pure-tone audiometry at first issue of the Assessment, not less than 
once every four years up to the age of 40 years, and thereafter not 
less than once every two years. 

6.2.5.4.1 Alternatively, other methods providing equivalent results 
may be used. 

6 . 2 . 5.5 Recommendation. — Applicants for Class 2 Medical 
Assessment should be tested by pure-tone audiometry at first issue of 
the Assessment and, after the age of 50 years, not less than once 
every two years. 
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6.2.5.6 At medical examinations, other than those mentioned in 
6.2.5.3, 6.2.5.4 and 6.2.5.5, where audiometry is not performed, 
applicants shall be tested in a quiet room by whispered and spoken 
voice tests. 

Note 1. — The reference zero for calibration of pure-tone audiometers 
is that of the pertinent Standards of the current edition of the 
Audiometric Test Methods, published by the International Organization 
for Standardization (ISO). 

Note 2. — For the purpose of testing hearing in accordance with the 
requirements, a quiet room is a room in which the intensity of the 
background noise is less than 35 dB(A). 

Note 3. — For the purpose of testing hearing in accordance with the 
requirements, the sound level of an average conversational voice at 
7 m from the point of output (lower lip of the speaker) is c. 60 dB(A) 
and that of a whispered voice c. 45dB(A). At 2 m from the speaker, 
the sound level is 6 dB(A) lower. 

Note 4. — Guidance on assessment of applicants who use hearing aids 
is contained in the Manual of Civil Aviation Medicine (Doc 8984). 

Note 5. — Attention is called to 2.7.1.3.1 on requirements for the issue 
of instrument rating to applicants who hold a private pilot license. 


6.3 CLASS 1 MEDICAL ASSESSMENT 

6.3.1 Assessment Issue and Renewal 

6.3.1.1 An applicant for a commercial pilot license —aeroplane, air¬ 
ship, helicopter or powered-lift, a multi-crew pilot license — aero¬ 
plane, or an airline transport pilot license — aeroplane, helicopter or 
powered-lift shall undergo an initial medical examination for the 
issue of a Class 1 Medical Assessment. 

6.3.1.2 Except where otherwise stated in this section, holders of 
commercial pilot licenses — aeroplane, airship, helicopter or pow¬ 
ered-lift, multi-crew pilot licenses — aeroplane, or airline transport 
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pilot licenses — aeroplane, helicopter or powered-lift shall have their 
Class 1 Medical Assessments renewed at intervals not exceeding 
those specified in 1.2.5.2. 

6.3.1.3 When the Licensing Authority is satisfied that the require¬ 
ments of this section and the general provisions of 6.1 and 6.2 have 
been met, a Class 1 Medical Assessment shall be issued to the 
applicant. 

6.3.2 Physical and Mental Requirements 

6.3.2.1 The applicant shall not suffer from any disease or disability 
which could render that applicant likely to become suddenly unable 
either to operate an aircraft safely or to perform assigned duties safely. 

6.3.2.2 The applicant shall have no established medical history or 
clinical diagnosis of: 

a) an organic mental disorder; 

b) a mental or behavioural disorder due to use of psychoactive sub¬ 
stances; this includes dependence syndrome induced by alcohol 
or other psychoactive substances; 

c) schizophrenia or a schizotypal or delusional disorder; 

d) a mood (affective) disorder; 

e) a neurotic, stress-related or somatoform disorder; 

f) a behavioural syndrome associated with physiological distur¬ 
bances or physical factors; 

g) a disorder of adult personality or behaviour, particularly if mani¬ 
fested by repeated overt acts; 

h) mental retardation; 

i) a disorder of psychological development; 

j) a behavioural or emotional disorder, with onset in childhood or 
adolescence; or 

k) a mental disorder not otherwise specified; 

such as might render the applicant unable to safely exercise the 
privileges of the license applied for or held. 
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Note. — Mental and behavioural disorders are defined in accordance 
with the clinical descriptions and diagnostic guidelines of the World 
Health Organization as given in the International Statistical Classifi¬ 
cation of Diseases and Related Health Problems, 10th Edition — 
Classification of Mental and Behavioural Disorders, WHO 1992. This 
document contains detailed descriptions of the diagnostic require¬ 
ments, which may be useful for their application to medical assessment. 

6.3.2.3 The applicant shall have no established medical history or 
clinical diagnosis of any of the following: 

a) a progressive or non-progressive disease of the nervous system, 
the effects of which are likely to interfere with the safe exercise 
of the applicant's license and rating privileges; 

b) epilepsy; or 

c) any disturbance of consciousness without satisfactory medical 
explanation of cause. 

6.3.2.4 The applicant shall not have suffered any head injury, the 
effects of which are likely to interfere with the safe exercise of the 
applicant's license and rating privileges. 

6.3.2.5 The applicant shall not possess any abnormality of the heart, 
congenital or acquired, which is likely to interfere with the safe exer¬ 
cise of the applicant's license and rating privileges. 

6.3.2.5.1 An applicant who has undergone coronary bypass grafting 
or angioplasty (with or without stenting) or other cardiac intervention 
or who has a history of myocardial infarction or who suffers from any 
other potentially incapacitating cardiac condition shall be assessed 
as unfit unless the applicant's cardiac condition has been investi¬ 
gated and evaluated in accordance with best medical practice and is 
assessed not likely to interfere with the safe exercise of the applicant's 
license or rating privileges. 

6.3.2.5.2 An applicant with an abnormal cardiac rhythm shall be 
assessed as unfit unless the cardiac arrhythmia has been investigated 
and evaluated in accordance with best medical practice and is 
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assessed not likely to interfere with the safe exercise of the applicant's 
license or rating privileges. 

Note. — Guidance on cardiovascular evaluation is contained in the 
Manual of Civil Aviation Medicine (Doc 8984). 

6.3.2.6 Electrocardiography shall form part of the heart examination 
for the first issue of a Medical Assessment. 

6.3.2.6.1 Electrocardiography shall be included in re-examinations 
of applicants over the age of 50 no less frequently than annually. 

6.3.2.6.2 Recommendation. — Electrocardiography should be 
included in re-examinations of applicants between the ages of 30 
and 50 no less frequently than every two years. 

Note 1. — The purpose of routine electrocardiography is case find¬ 
ing. It does not provide sufficient evidence to justify disqualification 
without further thorough cardiovascular investigation. 

Note 2. — Guidance on resting and exercise electrocardiography is 
contained in the Manual of Civil Aviation Medicine (Doc 8984). 

63.2.7 The systolic and diastolic blood pressures shall be within 
normal limits. 

6.3.2.7.1 The use of drugs for control of high blood pressure shall be 
disqualifying except for those drugs, the use of which is compatible 
with the safe exercise of the applicant's license and rating privileges. 

Note. — Guidance on the subject is contained in the Manual of Civil 
Aviation Medicine (Doc 8984). 

6.3.2.8 There shall be no significant functional nor structural abnor¬ 
mality of the circulatory system. 

6.3.2.9 There shall be no acute disability of the lungs nor any active dis¬ 
ease of the structures of the lungs, mediastinum or pleurae likely to result 
in incapacitating symptoms during normal or emergency operations. 

6.3.2.9.1 Recommendation. — Chest radiography should form part 
of the initial examination. 
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Note. — Periodic chest radiography is usually not necessary but may 
be a necessity in situations where asymptomatic pulmonary disease 
can be expected. 

6.3.2.10 Applicants with chronic obstructive pulmonary disease 
shall be assessed as unfit unless the applicant's condition has been 
investigated and evaluated in accordance with best medical practice 
and is assessed not likely to interfere with the safe exercise of the 
applicant's license or rating privileges. 

6.3.2.11 Applicants with asthma causing significant symptoms or 
likely to cause incapacitating symptoms during normal or emergency 
operations shall be assessed as unfit. 

6.3.2.11.1 The use of drugs for control of asthma shall be disquali¬ 
fying except for those drugs, the use of which is compatible with the 
safe exercise of the applicant's license and rating privileges. 

Note. — Guidance on hazards of medication and drugs is contained 
in the Manual of Civil Aviation Medicine (Doc 8984). 

6.3.2.12 Applicants with active pulmonary tuberculosis shall be 
assessed as unfit. 

6.3.2.12.1 Applicants with quiescent or healed lesions which are 
known to be tuberculous, or are presumably tuberculous in origin, 
may be assessed as fit. 

Note 7. — Guidance on assessment of respiratory diseases is con¬ 
tained in the Manual of Civil Aviation Medicine (Doc 8984). 

Note 2. — Guidance on hazards of medications and drugs is con¬ 
tained in the Manual of Civil Aviation Medicine (Doc 8984). 

6.3.2.13 Applicants with significant impairment of function of the 
gastrointestinal tract or its adnexa shall be assessed as unfit. 

6.3.2.13.1 Applicants shall be completely free from those hernias 
that might give rise to incapacitating symptoms. 

6.3.2.14 Applicants with sequelae of disease of, or surgical interven¬ 
tion on, any part of the digestive tract or its adnexa, likely to cause 
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incapacitation in flight, in particular any obstruction due to stricture 
or compression, shall be assessed as unfit. 

6.3.2.14.1 Recommendation. — An applicant who has undergone a 
major surgical operation on the biliary passages or the digestive tract 
or its adnexa with a total or partial excision or a diversion of any of 
these organs should be assessed as unfit until such time as the med¬ 
ical assessor, having access to the details of the operation concerned, 
considers that the effects of the operation are not likely to cause 
incapacitation in flight. 

6.3.2.15 Applicants with metabolic, nutritional or endocrine disor¬ 
ders that are likely to interfere with the safe exercise of their license 
and rating privileges shall be assessed as unfit. 

6.3.2.16 Applicants with insulin-treated diabetes mellitus shall be 
assessed as unfit. 

6.3.2.16.1 Applicants with non-insulin-treated diabetes mellitus 
shall be assessed as unfit unless the condition is shown to be satis¬ 
factorily controlled by diet alone or by diet combined with oral anti¬ 
diabetic medication, the use of which is compatible with the safe 
exercise of the applicant's license and rating privileges. 

Note. — Guidance on assessment of diabetic applicants is contained 
in the Manual of Civil Aviation Medicine (Doc 8984). 

6.3.2.1 7 Applicants with diseases of the blood and/or the lymphatic 
system shall be assessed as unfit unless adequately investigated and 
their condition found unlikely to interfere with the safe exercise of 
their license and rating privileges. 

Note. — Sickle cell trait or other haemoglobinopathic traits are 
usually compatible with a fit assessment. 

6.3.2.18 Applicants with renal or genito-urinary disease shall be assessed 
as unfit, unless adequately investigated and their condition found unlikely 
to interfere with the safe exercise of their license and rating privileges. 

6.3.2.18.1 Urine examination shall form part of the medical exami¬ 
nation and abnormalities shall be adequately investigated. 
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Note. — Guidance on urine examination and evaluation of 
abnormalities is contained in the Manual of Civil Aviation Medicine 
(Doc 8984). 

6.3.2.19 Applicants with sequelae of disease of or surgical proce¬ 
dures on the kidneys or the genito-urinary tract, in particular obstruc¬ 
tions due to stricture or compression, shall be assessed as unfit unless 
the applicant's condition has been investigated and evaluated in 
accordance with best medical practice and is assessed not likely to 
interfere with the safe exercise of the applicant's license or rating 
privileges. 

6.3.2.19.1 Applicants who have undergone nephrectomy shall be 
assessed as unfit unless the condition is well compensated. 

6.3.2.20 Applicants with acquired immunodeficiency syndrome 
(AIDS) shall be assessed as unfit. 

6.3.2.20.1 Applicants who are seropositive for human immunodefi¬ 
ciency virus (HIV) shall be assessed as unfit unless full investigation 
provides no evidence of clinical disease. 

Note I. — Evaluation of applicants who are seropositive for human 
immunodeficiency virus (HIV) requires particular attention to their 
mental state, including the psychological effects of the diagnosis. 

Note 2. — Guidance on the assessment of applicants who are 
seropositive for human immunodeficiency virus (HIV) is contained in 
the Manual of Civil Aviation Medicine (Doc 8984). 

6.3.2.21 Applicants with gynaecological disorders that are likely to 
interfere with the safe exercise of their license and rating privileges 
shall be assessed as unfit. 

6.3.2.22 Applicants who are pregnant shall be assessed as unfit 
unless obstetrical evaluation and continued medical supervision 
indicate a low-risk uncomplicated pregnancy. 

6.3.2.22.1 Recommendation. — For applicants with a low-risk 
uncomplicated pregnancy, evaluated and supervised in accordance 
with 6.3.2.22, the fit assessment should be limited to the period 
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from the end of the 12th week until the end of the 26th week of 
gestation. 

6.3.2.23 Following confinement or termination of pregnancy, the 
applicant shall not be permitted to exercise the privileges of her 
license until she has undergone re-evaluation in accordance with 
best medical practice and it has been determined that she is able to 
safely exercise the privileges of her license and ratings. 

6.3.2.24 The applicant shall not possess any abnormality of the 
bones, joints, muscles, tendons or related structures which is likely to 
interfere with the safe exercise of the applicant's license and rating 
privileges. 

Note. — Any sequelae after lesions affecting the bones, joints, mus¬ 
cles or tendons, and certain anatomical defects will normally require 
functional assessment to determine fitness. 

6.3.2.25 The applicant shall not possess any abnormality or disease 
of the ear or related structures which is likely to interfere with the safe 
exercise of the applicant's license and rating privileges. 

6.3.2.26 There shall be: 

a) no disturbance of vestibular function; 

b) no significant dysfunction of the Eustachian tubes; and 

c) no unhealed perforation of the tympanic membranes. 

6.3.2.26.1 A single dry perforation of the tympanic membrane need 
not render the applicant unfit. 

Note. — Guidance on testing of the vestibular function is contained 
in Manual of Civil Aviation Medicine (Doc 8984). 

6.3.2.27 There shall be: 

a) no nasal obstruction; and 

b) no malformation nor any disease of the buccal cavity or upper 
respiratory tract 
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which is likely to interfere with the safe exercise of the applicant's 
license and rating privileges. 

6.3.2.28 Applicants with stuttering or other speech defects suffi¬ 
ciently severe to cause impairment of speech communication shall 
be assessed as unfit. 

6.3.3 Visual Requirements 

The medical examination shall be based on the following requirements. 

6.3.3.1 The function of the eyes and their adnexa shall be normal. 
There shall be no active pathological condition, acute or chronic, nor 
any sequelae of surgery or trauma of the eyes or their adnexa likely 
to reduce proper visual function to an extent that would interfere 
with the safe exercise of the applicant's license and rating privileges. 

6.3.3.2 Distant visual acuity with or without correction shall be 6/9 
or better in each eye separately, and binocular visual acuity shall be 
6/6 or better. No limits apply to uncorrected visual acuity. Where this 
standard of visual acuity can be obtained only with correcting lenses, 
the applicant may be assessed as fit provided that: 

a) such correcting lenses are worn during the exercise of the privi¬ 
leges of the license or rating applied for or held; and 

b) in addition, a pair of suitable correcting spectacles is kept readily 
available during the exercise of the privileges of the applicant's 
license. 

Note 7. — 63.3.2 b) is the subject of Standards in Annex 6, Part I. 

Note 2. — An applicant accepted as meeting these provisions is 
deemed to continue to do so unless there is reason to suspect other¬ 
wise, in which case an ophthalmic report is required at the discretion 
of the Licensing Authority. Both uncorrected and corrected visual 
acuity are normally measured and recorded at each re-examination. 
Conditions which indicate a need to obtain an ophthalmic report 
include: a substantial decrease in the uncorrected visual acuity, any 
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decrease in best corrected visual acuity, and the occurrence of eye 
disease, eye injury or eye surgery. 

6.3.3.2.1 Applicants may use contact lenses to meet this require¬ 
ment provided that: 

a) the lenses are monofocal and non-tinted; 

b) the lenses are well tolerated; and 

c) a pair of suitable correcting spectacles is kept readily available 
during the exercise of the license privileges. 

Note. — Applicants who use contact lenses may not need to have 
their uncorrected visual acuity measured at each re-examination 
provided the history of their contact lens prescription is known. 

6.3.3.2.2 Applicants with a large refractive error shall use contact 
lenses or high-index spectacle lenses. 

Note. — If spectacles are used, high-index lenses are needed to min¬ 
imize peripheral field distortion. 

6.3.3.2.3 Applicants whose uncorrected distant visual acuity in either 
eye is worse than 6/60 shall be required to provide a full ophthalmic 
report prior to initial Medical Assessment and every five years thereafter. 

Note I. — The purpose of the required ophthalmic examination is 
(!) to ascertain normal visual performance, and (2) to identify any 
significant pathology. 

Note 2. — Guidance on the assessment of monocular applicants 
under the provisions of 1.2.4.8 is contained in the Manual of Civil 
Aviation Medicine (Doc 8984). 

6.3.3.3 Applicants who have undergone surgery affecting the refrac¬ 
tive status of the eye shall be assessed as unfit unless they are free 
from those sequelae which are likely to interfere with the safe exer¬ 
cise of their license and rating privileges. 

6.3.3.4 The applicant shall have the ability to read, while wearing the cor¬ 
recting lenses, if any, required by 6.3.3.2, the N5 chart or its equivalent 
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at a distance selected by that applicant in the range of 30 to 50 cm 
and the ability to read the N14 chart or its equivalent at a distance of 
100 cm. If this requirement is met only by the use of near correction, 
the applicant may be assessed as fit provided that this near correction 
is added to the spectacle correction already prescribed in accor¬ 
dance with 6.3.3.2; if no such correction is prescribed, a pair of spec¬ 
tacles for near use shall be kept readily available during the exercise 
of the privileges of the license. When near correction is required, the 
applicant shall demonstrate that one pair of spectacles is sufficient to 
meet both distant and near visual requirements. 

Note 7. — N5 and N14 refer to the size of typeface used. For further 
details, see the Manual of Civil Aviation Medicine (Doc 8984). 

Note 2. — An applicant who needs near correction to meet this 
requirement will require "look-over", bifocal or perhaps multifocal 
lenses in order to read the instruments and a chart or manual held in 
the hand, and also to make use of distant vision, through the wind¬ 
screen, without removing the lenses. Single-vision near correction 
(full lenses of one power only, appropriate for reading) significantly 
reduces distant visual acuity and is therefore not acceptable. 

Note 3. — Whenever there is a requirement to obtain or renew cor¬ 
recting lenses, an applicant is expected to advise the refractionist of 
reading distances for the visual flight deck tasks relevant to the types 
of aircraft in which the applicant is likely to function. 

6.3.3.4.1 When near correction is required in accordance with this 
paragraph, a second pair of near-correction spectacles shall be kept 
available for immediate use. 

6.3.3.5 The applicant shall be required to have normal fields of vision. 

6.3.3.6 The applicant shall be required to have normal binocular function. 

6.3.3.6.1 Reduced stereopsis, abnormal convergence not interfering 
with near vision, and ocular misalignment where the fusional 
reserves are sufficient to prevent asthenopia and diplopia need not be 
disqualifying. 
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6.3.4 Hearing Requirements 

6.3.4.1 The applicant, when tested on a pure-tone audiometer, shall 
not have a hearing loss, in either ear separately, of more than 35 dB 
at any of the frequencies 500, 1000 or 2000 Hz, or more than 50 dB 
at 3000 Hz. 

6.3.4.1.1 An applicant with a hearing loss greater than the above 
may be declared fit provided that the applicant has normal hearing 
performance against a background noise that reproduces or simu¬ 
lates the masking properties of flight deck noise upon speech and 
beacon signals. 

Note I. — It is important that the background noise be representative 
of the noise in the cockpit of the type of aircraft for which the appli¬ 
cant's license and ratings are valid. 

Note 2. — In the speech material for discrimination testing, both avi¬ 
ation-relevant phrases and phonetically balanced words are normally 
used. 

6.3.4.1.2 Alternatively, a practical hearing test conducted in flight in 
the cockpit of an aircraft of the type for which the applicant's license 
and ratings are valid may be used. 


6.4 CLASS 2 MEDICAL ASSESSMENT 

6.4.1 Assessment Issue and Renewal 

6.4.1.1 An applicant for a private pilot license — aeroplane, airship, 
helicopter or powered-lift, a glider pilot license, a free balloon pilot 
license, a flight engineer license or a flight navigator license shall 
undergo an initial medical examination for the issue of a Class 2 
Medical Assessment. 

6.4.1.2 Except where otherwise stated in this section, holders of pri¬ 
vate pilot licenses — aeroplane, airship, helicopter or powered-lift, 
glider pilot licenses, free balloon pilot licenses, flight engineer 
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licenses or flight navigator licenses shall have their Class 2 Medical 
Assessments renewed at intervals not exceeding those specified in 
1.2.5.2. 

6.4.1.3 When the Licensing Authority is satisfied that the requirements 
of this section and the general provisions of 6.1 and 6.2 have been met, 
a Class 2 Medical Assessment shall be issued to the applicant. 

6.4.2 Physical and Mental Requirements 

The medical examination shall be based on the following requirements. 

6.4.2.1 The applicant shall not suffer from any disease or disability 
which could render that applicant likely to become suddenly unable 
either to operate an aircraft safely or to perform assigned duties safely. 

6.4.2.2 The applicant shall have no established medical history or 
clinical diagnosis of: 

a) an organic mental disorder; 

b) a mental or behavioural disorder due to psychoactive substance 
use; this includes dependence syndrome induced by alcohol or 
other psychoactive substances; 

c) schizophrenia or a schizotypal or delusional disorder; 

d) a mood (affective) disorder; 

e) a neurotic, stress-related or somatoform disorder; 

f) a behavioural syndrome associated with physiological distur¬ 
bances or physical factors; 

g) a disorder of adult personality or behaviour, particularly if mani¬ 
fested by repeated overt acts; 

h) mental retardation; 

i) a disorder of psychological development; 

j) a behavioural or emotional disorder, with onset in childhood or 
adolescence; or 

k) a mental disorder not otherwise specified; 

such as might render the applicant unable to safely exercise the privi¬ 
leges of the license applied for or held. 
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Note. — Mental and behavioural disorders are defined in accor¬ 
dance with the clinical descriptions and diagnostic guidelines of the 
World Health Organization as given in the International Statistical 
Classification of Diseases and Related Health Problems, 10th 
Edition — Classification of Mental and Behavioural Disorders, WHO 
1992. This document contains detailed descriptions of the diagnostic 
requirements, which may be useful for their application to medical 
assessment. 

6.4.2.3 The applicant shall have no established medical history or 
clinical diagnosis of any of the following: 

a) a progressive or non-progressive disease of the nervous system, 
the effects of which are likely to interfere with the safe exercise 
of the applicant's license and rating privileges; 

b) epilepsy; 

c) any disturbance of consciousness without satisfactory medical 
explanation of cause. 

6.4.2.4 The applicant shall not have suffered any head injury, the 
effects of which are likely to interfere with the safe exercise of the 
applicant's license and rating privileges. 

6.4.2.5 The applicant shall not possess any abnormality of the heart, 
congenital or acquired, which is likely to interfere with the safe exer¬ 
cise of the applicant's license and rating privileges. 

6.4.2.5.1 An applicant who has undergone coronary by-pass grafting 
or angioplasty (with or without stenting) or other cardiac intervention 
or who has a history of myocardial infarction or who suffers from any 
other potentially incapacitating cardiac condition shall be assessed 
as unfit unless the applicant's cardiac condition has been investi¬ 
gated and evaluated in accordance with best medical practice and is 
assessed not likely to interfere with the safe exercise of the applicant's 
license or rating privileges. 

6.4.2.5.2 An applicant with an abnormal cardiac rhythm shall be 
assessed as unfit unless the cardiac arrhythmia has been investigated 
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and evaluated in accordance with best medical practice and is 
assessed not likely to interfere with the safe exercise of the applicant's 
license or rating privileges. 

Note. — Guidance on cardiovascular evaluation is contained in the 
Manual of Civil Aviation Medicine (Doc 8984). 

6.4.2.6 Electrocardiography shall form part of the heart examination 
for the first issue of a Medical Assessment after the age of 40. 

6.4.2.6.1 Electrocardiography shall be included in re-examinations 
of applicants after the age of 50 no less than every two years. 

6.4.2.6.2 Recommendation. — Electrocardiography should form part 
of the heart examination for the first issue of a Medical Assessment. 

Note 1. — The purpose of routine electrocardiography is case find¬ 
ing. It does not provide sufficient evidence to justify disqualification 
without further thorough cardiovascular investigation. 

Note 2. — Guidance on resting and exercise electrocardiography is 
contained in the Manual of Civil Aviation Medicine (Doc 8984). 

6.4.2.7 The systolic and diastolic blood pressures shall be within 
normal limits. 

6.4.2.7.1 The use of drugs for control of high blood pressure shall be 
disqualifying except for those drugs, the use of which is compatible 
with the safe exercise of the applicant's license and rating privileges. 

Note. — Guidance on the subject is contained in the Manual of Civil 
Aviation Medicine (Doc 8984). 

6.4.2.8 There shall be no significant functional nor structural abnor¬ 
mality of the circulatory system. 

6.4.2.9 There shall be no disability of the lungs nor any active dis¬ 
ease of the structures of the lungs, mediastinum or pleura likely to 
result in incapacitating symptoms during normal or emergency 
operations. 
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6.4.2.9.1 Recommendation. — Chest radiography should form part 
of the initial and periodic examinations in cases where asymptomatic 
pulmonary disease can be expected. 

6.4.2.10 Applicants with chronic obstructive pulmonary disease 
shall be assessed as unfit unless the applicant's condition has been 
investigated and evaluated in accordance with best medical practice 
and is assessed not likely to interfere with the safe exercise of the 
applicant's license or rating privileges. 

6.4.2.11 Applicants with asthma causing significant symptoms or 
likely to cause incapacitating symptoms during normal or emergency 
operations shall be assessed as unfit. 

6.4.2.11.1 The use of drugs for control of asthma shall be disquali¬ 
fying except for those drugs, the use of which is compatible with the 
safe exercise of the applicant's license and rating privileges. 

Note. — Guidance on hazards of medication and drugs is contained 
in the Manual of Civil Aviation Medicine (Doc 8984). 

6.4.2.12 Applicants with active pulmonary tuberculosis shall be 
assessed as unfit. 

6.4.2.12.1 Applicants with quiescent or healed lesions, known to be 
tuberculous or presumably tuberculous in origin, may be assessed as fit. 

Note I. — Guidance on assessment of respiratory diseases is con¬ 
tained in the Manual of Civil Aviation Medicine (Doc 8984). 

Note 2. — Guidance on hazards of medication and drugs is con¬ 
tained in the Manual of Civil Aviation Medicine (Doc 8984). 

6.4.2.13 Applicants shall be completely free from those hernias that 
might give rise to incapacitating symptoms. 

6.4.2.13.1 Applicants with significant impairment of the function of 
the gastrointestinal tract or its adnexa shall be assessed as unfit. 

6.4.2.14 Applicants with sequelae of disease of or surgical interven¬ 
tion on any part of the digestive tract or its adnexa, likely to cause 
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incapacitation in flight, in particular any obstruction due to stricture 
or compression, shall be assessed as unfit. 

6.4.2.14.1 Recommendation. — An applicant who has undergone a 
major surgical operation on the biliary passages or the digestive tract 
or its adnexa with a total or partial excision or a diversion of any of 
these organs should be assessed as unfit until such time as the med¬ 
ical assessor, having access to the details of the operation concerned, 
considers that the effects of the operation are not likely to cause 
incapacitation in flight. 

6.4.2.15 Applicants with metabolic, nutritional or endocrine disor¬ 
ders that are likely to interfere with the safe exercise of their license 
and rating privileges shall be assessed as unfit. 

6.4.2.16 Applicants with insulin-treated diabetes mellitus shall be 
assessed as unfit. 

6.4.2.16.1 Applicants with non-insulin-treated diabetes mellitus 
shall be assessed as unfit unless the condition is shown to be 
satisfactorily controlled by diet alone or by diet combined 
with oral anti-diabetic medication, the use of which is compatible 
with the safe exercise of the applicant's license and rating 
privileges. 

Note. — Guidance on assessment of diabetic applicants is contained 
in the Manual of Civil Aviation Medicine (Doc 8984). 

6.4.2.1 7 Applicants with diseases of the blood and/or the lymphatic 
system shall be assessed as unfit unless adequately investigated and 
their condition found unlikely to interfere with the safe exercise of 
their license and rating privileges. 

Note. — Sickle cell trait and other haemoglobinopathic traits are 
usually compatible with fit assessment. 

6.4.2.18 Applicants with renal or genito-urinary disease shall be 
assessed as unfit unless adequately investigated and their condition 
found unlikely to interfere with the safe exercise of their license and 
rating privileges. 



752 


Appendix I 


6.4.2.18.1 Urine examination shall form part of the medical exami¬ 
nation and abnormalities shall be adequately investigated. 

Note. — Guidance on urine examination and evaluation of abnor¬ 
malities is contained in the Manual of Civil Aviation Medicine 
(Doc 8984). 

6.4.2.19 Applicants with sequelae of disease of, or surgical proce¬ 
dures on, the kidneys or the genito-urinary tract, in particular 
obstructions due to stricture or compression, shall be assessed as 
unfit unless the applicant's condition has been investigated and eval¬ 
uated in accordance with best medical practice and is assessed not 
likely to interfere with the safe exercise of the applicant's license or 
rating privileges. 

6.4.2.19.1 Applicants who have undergone nephrectomy shall be 
assessed as unfit unless the condition is well compensated. 

6.4.2.20 Applicants with acquired immunodeficiency syndrome 
(AIDS) shall be assessed as unfit. 

6.4.2.20.1 Applicants who are seropositive for human immunodefi¬ 
ciency virus (HIV) shall be assessed as unfit unless full investigation 
provides no evidence of clinical disease. 

Note 1. — Evaluation of applicants who are seropositive for 
human immunodeficiency virus (HIV) requires particular attention 
to their mental state, including the psychological effects of the 
diagnosis. 

Note 2. — Guidance on the assessment of applicants who are 
seropositive for human immunodeficiency virus (HIV) is contained in 
the Manual of Civil Aviation Medicine (Doc 8984). 

6.4.2.21 Applicants with gynaecological disorders that are likely to 
interfere with the safe exercise of their license and rating privileges 
shall be assessed as unfit. 

6.4.2.22 Applicants who are pregnant shall be assessed as unfit 
unless obstetrical evaluation and continued medical supervision 
indicate a low-risk uncomplicated pregnancy. 
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6.4.2.22.1 Recommendation. — For applicants with a low-risk 
uncomplicated pregnancy, evaluated and supervised in accordance 
with 6.4.2.22, the fit assessment should be limited to the period from 
the end of the 12th week until the end of the 26th week of gestation. 

6.4.2.23 Following confinement or termination of pregnancy, the 
applicant shall not be permitted to exercise the privileges of her 
license until she has undergone re-evaluation in accordance with 
best medical practice and it has been determined that she is able to 
safely exercise the privileges of her license and ratings. 

6.4.2.24 The applicant shall not possess any abnormality of the 
bones, joints, muscles, tendons or related structures which is likely to 
interfere with the safe exercise of the applicant's license and rating 
privileges. 

Note. — Any sequelae after lesions affecting the bones, joints, muscles 
or tendons, and certain anatomical defects will normally require 
functional assessment to determine fitness. 

6.4.2.25 The applicant shall not possess any abnormality or disease 
of the ear or related structures which is likely to interfere with the safe 
exercise of the applicant's license and rating privileges. 

6.4.2.26 There shall be: 

a) no disturbance of the vestibular function; 

b) no significant dysfunction of the Eustachian tubes; and 

c) no unhealed perforation of the tympanic membranes. 

6.4.2.26.1 A single dry perforation of the tympanic membrane need 
not render the applicant unfit. 

Note. — Guidance on testing of the vestibular function is contained 
in the Manual of Civil Aviation Medicine (Doc 8984). 

6.4.2.27 There shall be: 

a) no nasal obstruction; and 

b) no malformation nor any disease of the buccal cavity or upper 
respiratory tract; 
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which is likely to interfere with the safe exercise of the applicant's 
license and rating privileges. 

6.4.2.28 Applicants with stuttering and other speech defects suffi¬ 
ciently severe to cause impairment of speech communication shall 
be assessed as unfit. 

6.4.3 Visual Requirements 

The medical examination shall be based on the following requirements. 

6.4.3.1 The function of the eyes and their adnexa shall be normal. 
There shall be no active pathological condition, acute or chronic, nor 
any sequelae of surgery or trauma of the eyes or their adnexa likely to 
reduce proper visual function to an extent that would interfere with 
the safe exercise of the applicant's license and rating privileges. 

6.4.3.2 Distant visual acuity with or without correction shall be 6/12 
or better in each eye separately, and binocular visual acuity shall be 
6/9 or better. No limits apply to uncorrected visual acuity. Where this 
standard of visual acuity can be obtained only with correcting lenses, 
the applicant may be assessed as fit provided that: 

a) such correcting lenses are worn during the exercise of the privi¬ 
leges of the license or rating applied for or held; and 

b) in addition, a pair of suitable correcting spectacles is kept readily 
available during the exercise of the privileges of the applicant's 
license. 

Note. — An applicant accepted as meeting these provisions is deemed 
to continue to do so unless there is reason to suspect otherwise, in 
which case an ophthalmic report is required at the discretion of the 
Licensing Authority. Both uncorrected and corrected visual acuity are 
normally measured and recorded at each re-examination. Conditions 
which indicate a need to obtain an ophthalmic report include: a sub¬ 
stantial decrease in the uncorrected visual acuity, any decrease in 
best corrected visual acuity, and the occurrence of eye disease, eye 
injury or eye surgery. 
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6.4.3.2.1 Applicants may use contact lenses to meet this require¬ 
ment provided that: 

a) the lenses are monofocal and non-tinted; 

b) the lenses are well tolerated; and 

c) a pair of suitable correcting spectacles is kept readily available 
during the exercise of the license privileges. 

Note. — Applicants who use contact lenses may not need to have 
their uncorrected visual acuity measured at each re-examination pro¬ 
vided the history of their contact lens prescription is known. 

6.4.3.2.2 Applicants with a large refractive error shall use contact 
lenses or high-index spectacle lenses. 

Note. — If spectacles are used, high-index lenses are needed to 
minimize peripheral field distortion. 

6.4.3.2.3 Recommendation. — Applicants whose uncorrected 
distant visual acuity in either eye is worse than 6/60 should be 
required to provide a full ophthalmic report prior to initial Medical 
Assessment and every five years thereafter. 

Note 7. — The purpose of the required ophthalmic examination is 
(1) to ascertain normal visual performance, and (2) to identify any 
significant pathology. 

Note 2. — Guidance on the assessment of monocular applicants 
under the provisions of 1.2.4.8 is contained in the Manual of Civil 
Aviation Medicine (Doc 8984). 

6.4.3.3 Applicants who have undergone surgery affecting the refrac¬ 
tive status of the eye shall be assessed as unfit unless they are free 
from those sequelae which are likely to interfere with the safe 
exercise of their license and rating privileges. 

6.4.3.4 The applicant shall have the ability to read, while wearing 
the correcting lenses, if any, required by 6.4.3.2, the N5 chart or 
its equivalent at a distance selected by that applicant in the range 
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of 30 to 50 cm. If this requirement is met only by the use of near 
correction, the applicant may be assessed as fit provided that this 
near correction is added to the spectacle correction already pre¬ 
scribed in accordance with 6.4.3.2; if no such correction is pre¬ 
scribed, a pair of spectacles for near use shall be kept readily 
available during the exercise of the privileges of the license. When 
near correction is required, the applicant shall demonstrate that 
one pair of spectacles is sufficient to meet both distant and near 
visual requirements. 

Note 7. — N5 refers to the size of typeface used. For further details, 
see the Manual of Civil Aviation Medicine (Doc 8984). 

Note 2. — An applicant who needs near correction to meet the 
requirement will require "look-over", bifocal or perhaps multifocal 
lenses in order to read the instruments and a chart or manual held in 
the hand, and also to make use of distant vision, through the wind¬ 
screen, without removing the lenses. Single-vision near correction 
(full lenses of one power only, appropriate for reading) significantly 
reduces distant visual acuity and is therefore not acceptable. 

Note 3. — Whenever there is a requirement to obtain or renew cor¬ 
recting lenses, an applicant is expected to advise the refractionist of 
the reading distances for the visual flight deck tasks relevant to the 
types of aircraft in which the applicant is likely to function. 

6.4.3.4.1 When near correction is required in accordance with this 
paragraph, a second pair of near-correction spectacles shall be kept 
available for immediate use. 

6.4.3.5 The applicant shall be required to have normal fields of vision. 

6.4.3.6 The applicant shall be required to have normal binocular 
function. 

6.4.3.6.1 Reduced stereopsis, abnormal convergence not interfering 
with near vision, and ocular misalignment where the fusional 
reserves are sufficient to prevent asthenopia and diplopia need not be 
disqualifying. 
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6.4.4 Hearing Requirements 

Note. — Attention is called to 2.7.1.3.1 a on requirements for the issue 
of instrument rating to applicants who hold a private pilot license. 

6.4.4.1 Applicants who are unable to hear an average conversa¬ 
tional voice in a quiet room, using both ears, at a distance of 2 m 
from the examiner and with the back turned to the examiner, shall be 
assessed as unfit. 

6.4.4.2 When tested by pure-tone audiometry, an applicant with a 
hearing loss, in either ear separately, of more than 35 dB at any of the 
frequencies 500, 1000 or 2000 Hz, or more than 50 dB at 3000 Hz, 
shall be assessed as unfit. 

6.4.4.3 Recommendation. — An applicant who does not meet the 
requirements in 6.4.4.1 or 6.4.4.2 should undergo further testing in 
accordance with 6.3.4.1.1. 

6.5 CLASS 3 MEDICAL ASSESSMENT 

6.5.1 Assessment Issue and Renewal 

6.5.1.1 An applicant for an air traffic controller license shall undergo 
an initial medical examination for the issue of a Class 3 Medical 
Assessment. 

6.5.1.2 Except where otherwise stated in this section, holders of air 
traffic controller licenses shall have their Class 3 Medical Assessments 
renewed at intervals not exceeding those specified in 1.2.5.2. 


a 2.7.1.3 Medical fitness. 

2.7.1.3.1 Applicants who hold a private pilot licence shall have established their 
hearing acuity on the basis of compliance with the hearing requirements for the 
issue of a Class 1 Medical Assessment. 

2.7.1.3.2 Recommendation. — Contracting States should consider requiring the 
holder of a private pilot licence to comply with the physical and mental, and visual 
requirements for the issue of a Class 1 Medical Assessment. 
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6.5.1.3 When the Licensing Authority is satisfied that the requirements 
of this section and the general provisions of 6.1 and 6.2 have been met, 
a Class 3 Medical Assessment shall be issued to the applicant. 

6.5.2 Physical and Mental Requirements 

6.5.2.1 The applicant shall not suffer from any disease or disability 
which could render that applicant likely to become suddenly unable 
to perform duties safely. 

6.5.2.2 The applicant shall have no established medical history or 
clinical diagnosis of: 

a) an organic mental disorder; 

b) a mental or behavioural disorder due to psychoactive substance 
use; this includes dependence syndrome induced by alcohol or 
other psychoactive substances; 

c) schizophrenia or a schizotypal or delusional disorder; 

d) a mood (affective) disorder; 

e) a neurotic, stress-related or somatoform disorder; 

f) a behavioural syndrome associated with physiological disturbances 
or physical factors; 

g) a disorder of adult personality or behaviour, particularly if mani¬ 
fested by repeated overt acts; 

h) mental retardation; 

i) a disorder of psychological development; 

j) a behavioural or emotional disorder, with onset in childhood or 
adolescence; or 

k) a mental disorder not otherwise specified; 

such as might render the applicant unable to safely exercise the priv¬ 
ileges of the license applied for or held. 

Note. — Mental and behavioural disorders are defined in accor¬ 
dance with the clinical descriptions and diagnostic guidelines of 
the World Health Organization as given in the International 
Statistical Classification of Diseases and Related Health Problems, 
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10th Edition — Classification of Mental and Behavioural Disorders, 
WHO 1992. This document contains detailed descriptions of the 
diagnostic requirements which may be useful for their application to 
medical assessment. 

6.5.2.3 The applicant shall have no established medical history or 
clinical diagnosis of any of the following: 

a) a progressive or non-progressive disease of the nervous system, 
the effects of which are likely to interfere with the safe exercise 
of the applicant's license and rating privileges; 

b) epilepsy; or 

c) any disturbance of consciousness without satisfactory medical 
explanation of cause. 

6.5.2.4 The applicant shall not have suffered any head injury, the 
effects of which are likely to interfere with the safe exercise of the 
applicant's license and rating privileges. 

6.5.2.5 The applicant shall not possess any abnormality of the heart, 
congenital or acquired, which is likely to interfere with the safe exercise 
of the applicant's license and rating privileges. 

6.5.2.1 An applicant who has undergone coronary bypass grafting 
or angioplasty (with or without stenting) or other cardiac intervention 
or who has a history of myocardial infarction or who suffers from any 
other potentially incapacitating cardiac condition shall be assessed 
as unfit unless the applicant's cardiac condition has been investi¬ 
gated and evaluated in accordance with best medical practice and is 
assessed not likely to interfere with the safe exercise of the applicant's 
license and rating privileges. 

6.5.2.2 An applicant with an abnormal cardiac rhythm shall be 
assessed as unfit unless the cardiac arrhythmia has been investigated 
and evaluated in accordance with best medical practice and is 
assessed not likely to interfere with the safe exercise of the applicant's 
license and rating privileges. 
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Note. — Guidance on cardiovascular evaluation is contained in the 
Manual of Civil Aviation Medicine (Doc 8984). 

6.5.2.6 Electrocardiography shall form part of the heart examination 
for the first issue of a Medical Assessment. 

6.5.2.6.1 Electrocardiography shall be included in re-examinations of 
applicants after the age of 50 no less frequently than every two years. 

Note I. — The purpose of routine electrocardiography is case find¬ 
ing. It does not provide sufficient evidence to justify disqualification 
without further thorough cardiovascular investigation. 

Note 2. — Guidance on resting and exercise electrocardiography is 
contained in the Manual of Civil Aviation Medicine (Doc 8984). 

6.52.7 The systolic and diastolic blood pressures shall be within 
normal limits. 

6.5.2.7.1 The use of drugs for control of high blood pressure is 
disqualifying except for those drugs, the use of which is compatible 
with the safe exercise of the applicant's license privileges. 

Note. — Guidance on this subject is contained in the Manual of Civil 
Aviation Medicine (Doc 8984). 

6.5.2.8 There shall be no significant functional nor structural abnor¬ 
mality of the circulatory system. 

6.5.2.9 There shall be no disability of the lungs nor any active disease 
of the structures of the lungs, mediastinum or pleurae likely to result 
in incapacitating symptoms. 

Note. — Chest radiography is usually not necessary but may be indi¬ 
cated in cases where asymptomatic pulmonary disease can be 
expected. 

6.5.2.10 Applicants with chronic obstructive pulmonary disease shall 
be assessed as unfit unless the applicant's condition has been inves¬ 
tigated and evaluated in accordance with best medical practice and 



Appendix I 


761 


is assessed not likely to interfere with the safe exercise of the appli¬ 
cant's license or rating privileges. 

6.5.2.11 Applicants with asthma causing significant symptoms or 
likely to cause incapacitating symptoms shall be assessed as unfit. 

6.5.2.11.1 The use of drugs for control of asthma shall be disquali¬ 
fying except for those drugs, the use of which is compatible with the 
safe exercise of the applicant's license and rating privileges. 

Note. — Guidance on hazards of medications is contained in the 
Manual of Civil Aviation Medicine (Doc 8984). 

6.5.2.12 Applicants with active pulmonary tuberculosis shall be 
assessed as unfit. 

6.5.2.12.1 Applicants with quiescent or healed lesions, known to 
be tuberculous or presumably tuberculous in origin, may be 
assessed as fit. 

Note 7. — Guidance on assessment of respiratory diseases is 
contained in the Manual of Civil Aviation Medicine (Doc 8984). 

Note 2. — Guidance on hazards of medication and drugs is 
contained in the Manual of Civil Aviation Medicine (Doc 8984). 

6.5.2.13 Applicants with significant impairment of the function of the 
gastrointestinal tract or its adnexae shall be assessed as unfit. 

6.5.2.14 Applicants with sequelae of disease of or surgical interven¬ 
tion on any part of the digestive tract or its adnexa, likely to cause 
incapacitation, in particular any obstructions due to stricture or 
compression, shall be assessed as unfit. 

6.5.2.14.1 Recommendation. — An applicant who has undergone a 
major surgical operation on the biliary passages or the digestive tract or 
its adnexa, with a total or partial excision or a diversion of any of these 
organs should be assessed as unfit until such time as the medical asses¬ 
sor, having access to the details of the operation concerned, considers 
that the effects of the operation are not likely to cause incapacitation. 
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6.5.2.15 Applicants with metabolic, nutritional or endocrine disor¬ 
ders that are likely to interfere with the safe exercise of their license 
and rating privileges shall be assessed as unfit. 

6.5.2.16 Applicants with insulin-treated diabetes mellitus shall be 
assessed as unfit. 

6.5.2.16.1 Applicants with non-insulin-treated diabetes shall be 
assessed as unfit unless the condition is shown to be satisfactorily 
controlled by diet alone or by diet combined with oral anti-diabetic 
medication, the use of which is compatible with the safe exercise of 
the applicant's license and rating privileges. 

Note. — Guidance on assessment of diabetic applicants is contained 
in the Manual of Civil Aviation Medicine (Doc 8984). 

6.5.2.1 7 Applicants with diseases of the blood and/or the lymphatic 
system shall be assessed as unfit, unless adequately investigated and 
their condition found unlikely to interfere with the safe exercise of 
their license and rating privileges. 

6.5.2.18 Applicants with renal or genito-urinary disease shall be 
assessed as unfit unless adequately investigated and their condition 
found unlikely to interfere with the safe exercise of their license and 
rating privileges. 

6.5.2.18.1 Urine examination shall form part of the medical exami¬ 
nation and abnormalities shall be adequately investigated. 

Note. — Guidance on urine examination and evaluation of abnor¬ 
malities is contained in the Manual of Civil Aviation Medicine 
(Doc 8984). 

6.5.2.19 Applicants with sequelae of disease of, or surgical proce¬ 
dures on the kidneys or the genito-urinary tract, in particular obstruc¬ 
tions due to stricture or compression, shall be assessed as unfit unless 
the applicant's condition has been investigated and evaluated in 
accordance with best medical practice and is assessed not likely to 
interfere with the safe exercise of the applicant's license or rating 
privileges. 
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6.5.2.19.1 Applicants who have undergone nephrectomy shall be 
assessed as unfit unless the condition is well compensated. 

6.5.2.20 Applicants with acquired immunodeficiency syndrome 
(AIDS) shall be assessed as unfit. 

6.5.2.20.1 Applicants who are seropositive for human immunodefi¬ 
ciency virus (HIV) shall be assessed as unfit unless full investigation 
provides no evidence of clinical disease. 

Note 7. — Evaluation of applicants who are seropositive for human 
immunodeficiency virus (HIV) requires particular attention to their 
mental state, including the psychological effects of the diagnosis. 

Note 2. — Guidance on the assessment of applicants who are 
seropositive for human immunodeficiency virus (HIV) is contained in 
the Manual of Civil Aviation Medicine (Doc 8984). 

6.5.2.21 Applicants with gynaecological disorders that are likely to 
interfere with the safe exercise of their license and rating privileges 
shall be assessed as unfit. 

6.5.2.22 Applicants who are pregnant shall be assessed as unfit 
unless obstetrical evaluation and continued medical supervision 
indicate a low-risk uncomplicated pregnancy. 

6.5.2.22.1 Recommendation. — During the gestational period, pre¬ 
cautions should be taken for the timely relief of an air traffic controller 
in the event of early onset of labour or other complications. 

6.5.2.22.2 Recommendation. — For applicants with a low-risk 
uncomplicated pregnancy, evaluated and supervised in accordance 
with 6.5.2.22, the fit assessment should be limited to the period until 
the end of the 34th week of gestation. 

6.5.2.23 Following confinement or termination of pregnancy the 
applicant shall not be permitted to exercise the privileges of her 
license until she has undergone re-evaluation in accordance with 
best medical practice and it has been determined that she is able to 
safely exercise the privileges of her license and ratings. 
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6.5.2.24 The applicant shall not possess any abnormality of the bones, 
joints, muscles, tendons or related structures which is likely to interfere 
with the safe exercise of the applicant's license and rating privileges. 

Note. — Any sequelae after lesions affecting the bones, joints, mus¬ 
cles or tendons, and certain anatomical defects will normally require 
functional assessment to determine fitness. 

6.5.2.25 The applicant shall not possess any abnormality or disease 
of the ear or related structures which is likely to interfere with the safe 
exercise of the applicant's license and rating privileges. 

6.5.2.26 There shall be no malformation nor any disease of the nose, 
buccal cavity or upper respiratory tract which is likely to interfere 
with the safe exercise of the applicant's license and rating privileges. 

6.5.2.27 Applicants with stuttering or other speech defects suffi¬ 
ciently severe to cause impairment of speech communication shall 
be assessed as unfit. 


6.5.3 Visual Requirements 

The medical examination shall be based on the following requirements. 

6.5.3.1 The function of the eyes and their adnexa shall be normal. 
There shall be no active pathological condition, acute or chronic, nor 
any sequelae of surgery or trauma of the eyes or their adnexa likely 
to reduce proper visual function to an extent that would interfere 
with the safe exercise of the applicant's license and rating privileges. 

6.5.3.2 Distant visual acuity with or without correction shall be 6/9 
or better in each eye separately, and binocular visual acuity shall be 
6/6 or better. No limits apply to uncorrected visual acuity. Where this 
standard of visual acuity can be obtained only with correcting lenses, 
the applicant may be assessed as fit provided that: 

a) such correcting lenses are worn during the exercise of the privi¬ 
leges of the license or rating applied for or held; and 
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b) in addition, a pair of suitable correcting spectacles is kept readily 
available during the exercise of the privileges of the applicant's 
license. 

Note. — An applicant accepted as meeting these provisions is 
deemed to continue to do so unless there is reason to suspect other¬ 
wise, in which case an ophthalmic report is required at the discretion 
of the Licensing Authority. Both uncorrected and corrected visual 
acuity are normally measured and recorded at each re-examination. 
Conditions which indicate a need to obtain an ophthalmic report 
include: a substantial decrease in the uncorrected visual acuity, any 
decrease in best corrected visual acuity, and the occurrence of eye 
disease, eye injury or eye surgery. 

6.5.3.2.1 Applicants may use contact lenses to meet this require¬ 
ment provided that: 

a) the lenses are monofocal and non-tinted; 

b) the lenses are well tolerated; and 

c) a pair of suitable correcting spectacles is kept readily available 
during the exercise of the license privileges. 

Note. — Applicants who use contact lenses may not need to have 
their uncorrected visual acuity measured at each re-examination 
provided the history of their contact lens prescription is known. 

6.5.3.2.2 Applicants with a large refractive error shall use contact 
lenses or high-index spectacle lenses. 

Note. — If spectacles are used, high-index lenses are needed to 
minimize peripheral field distortion. 

6.5.3.2.3 Applicants whose uncorrected distant visual acuity in either 
eye is worse than 6/60 shall be required to provide a full ophthalmic 
report prior to initial Medical Assessment and every five years thereafter. 

Note 7. — The purpose of the required ophthalmic examination is 
(I) to ascertain normal vision performance, and (2) to identify any 
significant pathology. 
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Note 2. — Guidance on the assessment of monocular applicants 
under the provisions of 1.2.4.8 is contained in the Manual of Civil 
Aviation Medicine (Doc 8984). 

6.5.3.3 Applicants who have undergone surgery affecting the refrac¬ 
tive status of the eye shall be assessed as unfit unless they are free from 
those sequelae which are likely to interfere with the safe exercise of 
their license and rating privileges. 

6.5.3.4 The applicant shall have the ability to read, while wearing 
the correcting lenses, if any, required by 6.5.3.2, the N5 chart or its 
equivalent at a distance selected by that applicant in the range of 30 
to 50 cm and the ability to read the N14 chart or its equivalent at a 
distance of 100 cm. If this requirement is met only by the use of near 
correction, the applicant may be assessed as fit provided that this 
near correction is added to the spectacle correction already pre¬ 
scribed in accordance with 6.5.3.2; if no such correction is pre¬ 
scribed, a pair of spectacles for near use shall be kept readily 
available during the exercise of the privileges of the license. When 
near correction is required, the applicant shall demonstrate that one 
pair of spectacles is sufficient to meet both distant and near visual 
requirements. 

Note 7. — N5 and NI4 refer to the size of typeface used. For further 
details, see the Manual of Civil Aviation Medicine (Doc 8984). 

Note 2. — An applicant who needs near correction to meet the 
requirement will require "look-over", bifocal or perhaps multi-focal 
lenses in order to read radar screens, visual displays and written or 
printed material and also to make use of distant vision, through the 
windows, without removing the lenses. Single-vision near correction 
(full lenses of one power only, appropriate for reading) may be 
acceptable for certain air traffic control duties. /However, it should 
be realized that single-vision near correction significantly reduces 
distant visual acuity. 

Note 3. — Whenever there is a requirement to obtain or renew 
correcting lenses, an applicant is expected to advise the refractionist 
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of reading distances for the air traffic control duties the applicant is 
likely to perform. 

6.5.3.4.1 When near correction is required in accordance with this 
paragraph, a second pair of near-correction spectacles shall be kept 
available for immediate use. 

6.5.3.5 The applicant shall be required to have normal fields of vision. 

6.5.3.6 The applicant shall be required to have normal binocular 
function. 

6.5.3.6.1 Reduced stereopsis, abnormal convergence not interfering 
with near vision, and ocular misalignment where the fusional 
reserves are sufficient to prevent asthenopia and diplopia need not be 
disqualifying. 

6.5.4 Hearing Requirements 

6.5.4.1 The applicant, when tested on a pure-tone audiometer shall 
not have a hearing loss, in either ear — separately, of more than 35 dB 
at any of the frequencies 500, 1000 or 2000 Hz, or more than 50 dB 
at 3000 Hz. 

6.5.4.1.1 An applicant with a hearing loss greater than the above may 
be declared fit provided that the applicant has normal hearing per¬ 
formance against a background noise that reproduces or simulates that 
experienced in a typical air traffic control working environment. 

Note 7. — The frequency composition of the background noise is 
defined only to the extent that the frequency range 600 to 4800 Hz 
(speech frequency range) is adequately represented. 

Note 2. — In the speech material for discrimination testing, both aviation¬ 
relevant phrases and phonetically balanced words are normally used. 

6.5.4.1.2 Alternatively, a practical hearing test conducted in an air 
traffic control environment representative of the one for which the 
applicant's license and ratings are valid may be used. 



Appendix 1. Requirements for Proficiency 
in Languages Used for Radiotelephony 
Communications 


(Chapter 1, Section 1.2.9, refers) 


1. GENERAL 

Note. — The ICAO language proficiency requirements include the 
holistic descriptors at Section 2 and the ICAO Operational Level 
(Level 4) of the ICAO Language Proficiency Rating Scale in 
Attachment A. The language proficiency requirements are applicable 
to the use of both phraseologies and plain language. 

To meet the language proficiency requirements contained in Chapter 1, 
Section 1.2.9, an applicant for a license or a license holder shall 
demonstrate, in a manner acceptable to the licensing authority, com¬ 
pliance with the holistic descriptors at Section 2 and with the ICAO 
Operational Level (Level 4) of the ICAO Language Proficiency Rating 
Scale in Attachment A. 

2. HOLISTIC DESCRIPTORS 

Proficient speakers shall: 

a) communicate effectively in voice-only (telephone/radiotelephone) 
and in face-to-face situations; 

b) communicate on common, concrete and work-related topics 
with accuracy and clarity; 

c) use appropriate communicative strategies to exchange messages 
and to recognize and resolve misunderstandings (e.g. to check, 
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confirm, or clarify information) in a general or work-related 
context; 

d) handle successfully and with relative ease the linguistic chal¬ 
lenges presented by a complication or unexpected turn of events 
that occurs within the context of a routine work situation or com¬ 
municative task with which they are otherwise familiar; and 

e) use a dialect or accent which is intelligible to the aeronautical 
community. 



Appendix 2. Approved Training Organization 

(Chapter 1, 7 .2.8.2 refers) 


1. ISSUE OF APPROVAL 

1.1 The issuance of an approval for a training organization and the 
continued validity of the approval shall depend upon the training 
organization being in compliance with the requirements of this 
Appendix. 

1.2 The approval document shall contain at least the following: 

a) organization's name and location; 

b) date of issue and period of validity (where appropriate); 

c) terms of approval. 


2. TRAINING AND PROCEDURES MANUAL 

2.1 The training organization shall provide a training and procedures 
manual for the use and guidance of personnel concerned. This man¬ 
ual may be issued in separate parts and shall contain at least the 
following information: 

a) a general description of the scope of training authorized under 
the organization's terms of approval; 

b) the content of the training programmes offered including the 
courseware and equipment to be used; 

c) a description of the organization's quality assurance system in 
accordance with 4; 

d) a description of the organization's facilities; 
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e) the name, duties and qualification of the person designated 
as responsible for compliance with the requirements of the 
approval in 6.1; 

f) a description of the duties and qualification of the personnel 
designated as responsible for planning, performing and supervising 
the training in 6.2; 

g) a description of the procedures used to establish and maintain 
the competence of instructional personnel as required by 6.3; 

h) a description of the method used for the completion and retention 
of the training records required by 7; 

i) a description, when applicable, of additional training needed to 
comply with an operator's procedures and requirements; and 

j) when a State has authorized an approved training organization to 
conduct the testing required for the issuance of a license or rat¬ 
ing in accordance with 9, a description of the selection, role and 
duties of the authorized personnel, as well as the applicable 
requirements established by the Licensing Authority. 

2.2 The training organization shall ensure that the training and pro¬ 
cedures manual is amended as necessary to keep the information 
contained therein up-to-date. 

2.3 Copies of all amendments to the training and procedures manual 
shall be furnished promptly to all organizations or persons to whom 
the manual has been issued. 

3. TRAINING PROGRAMMES 

3.1 A Licensing Authority may approve a training programme for a 
private pilot license, commercial pilot license or instrument rating 
that allows an alternative means of compliance with the experience 
requirements established by Annex 1, provided that the approved 
training organization demonstrates to the satisfaction of the Licensing 
Authority that the training provides a level of competency at least 
equivalent to that provided by the minimum experience require¬ 
ments for personnel not receiving such approved training. 
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3.2 When a Licensing Authority approves a training programme 
for a multi-crew pilot license, the approved training organization 
shall demonstrate to the satisfaction of the Licensing Authority 
that the training provides a level of competency in multi-crew 
operations at least equal to that met by holders of a commercial 
pilot license, instrument rating and type rating for an aeroplane 
certificated for operation with a minimum crew of at least 
two pilots. 

Note. — Guidance on the approval of training programmes can be 
found in the Manual on the Approval of Flight Crew Training 
Organizations (Doc 9841). 

4. QUALITY ASSURANCE SYSTEM 

The training organization shall establish a quality assurance system, 
acceptable to the Licensing Authority granting the approval, which 
ensures that training and instructional practices comply with all 
relevant requirements. 


5. FACILITIES 

5.1 The facilities and working environment shall be appropriate for 
the task to be performed and be acceptable to the Licensing 
Authority. 

5.2 The training organization shall have, or have access to, the 
necessary information, equipment, training devices and material to 
conduct the courses for which it is approved. 

5.3 Synthetic training devices shall be qualified according to require¬ 
ments established by the State and their use shall be approved by the 
Licensing Authority to ensure that they are appropriate to the task. 

Note. — The Manual of Criteria for the Qualification of Flight 
Simulators (Doc 9625) provides guidance on the approval of flight 
simulators. 
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6. PERSONNEL 

6.1 The training organization shall nominate a person responsible for 
ensuring that it is in compliance with the requirements for an 
approved organization. 

6.2 The organization shall employ the necessary personnel to plan, 
perform and supervise the training to be conducted. 

6.3 The competence of instructional personnel shall be in accor¬ 
dance with procedures and to a level acceptable to the Licensing 
Authority. 

6.4 The training organization shall ensure that all instructional 
personnel receive initial and continuation training appropriate to 
their assigned tasks and responsibilities. The training programme 
established by the training organization shall include training in 
knowledge and skills related to human performance. 

Note. — Guidance material to design training programmes to 
develop knowledge and skills in human performance can be found 
in the Human Factors Training Manual (Doc 9683). 


7. RECORDS 

7.1 The training organization shall retain detailed student records to 
show that all requirements of the training course have been met as 
agreed by the Licensing Authority. 

7.2 The training organization shall maintain a system for recording 
the qualifications and training of instructional and examining staff, 
where appropriate. 

7.3 The records required by 7.1 shall be kept for a minimum period 
of two years after completion of the training. The records required by 
7.2 shall be retained for a minimum period of two years after the 
instructor or examiner ceases to perform a function for the training 
organization. 
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8. OVERSIGHT 

Contracting States shall maintain an effective oversight programme of 
the approved training organization to ensure continuing compliance 
with the approval requirements. 

9. EVALUATION AND CHECKING 

When a State has authorized an approved training organization to 
conduct the testing required for the issuance of a license or rating, 
the testing shall be conducted by personnel authorized by the 
Licensing Authority or designated by the training organization in 
accordance with criteria approved by the Licensing Authority. 



Appendix 3. Requirements for the 
Issue of the Multicrew Pilot 
License — Aeroplane 


(Chapter 2, Section 2.5, refers) 


1. TRAINING 

1.1 In order to meet the requirements of the multi-crew pilot license 
in the aeroplane category, the applicant shall have completed an 
approved training course. The training shall be competency-based 
and conducted in a multi-crew operational environment. 

1.2 During the training, the applicant shall have acquired the 
knowledge, skills and attitudes required as the underpinning attri¬ 
butes for performing as a co-pilot of a turbine-powered air transport 
aeroplane certificated for operation with a minimum crew of at least 
two pilots. 

2. ASSESSMENT LEVEL 

The applicant for the multi-crew pilot license in the aeroplane 
category shall have satisfactorily demonstrated performance in all 
the nine competency units specified in 3, at the advanced level of 
competency as defined in Attachment B. 

Note. — The training scheme for the multi-crew pilot license in the 
aeroplane category, including the various levels of competency are 
contained in the Procedures for Air Navigation Services —Training 
(PANS-TRC, Doc 9868). 
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3. COMPETENCY UNITS 

The nine competency units that an applicant has to demonstrate in 
accordance with Chapter 2, 2.5.1.3, are as follows: 

1) apply threat and error management (TEM) principles; 

2) perform aeroplane ground operations; 

3) perform take-off; 

4) perform climb; 

5) perform cruise; 

6) perform descent; 

7) perform approach; 

8) perform landing; and 

9) perform after-landing and aeroplane post-flight operations. 

Note 7 . — Competency units are broken down into their constituent 
elements, for which specific performance criteria have been defined. 
Competency elements and performance criteria are contained in the 
Procedures for Air Navigation Services —Training (PANSTRC, Doc 
9868). 

Note 2. — The application of threat and error management principles 
is a specific competency unit that is to be integrated with each of the 
other competency units for training and testing purposes. 

4. SIMULATED FLIGHT 

4.1 The flight simulation training devices used to gain the experience 
specified in Chapter 2 , 2.5.3.3, shall have been approved by the 
Licensing Authority. 

4.2 Flight simulation training devices shall be categorized as follows: 

a) Type I. E-training and part tasking devices approved by the 
Licensing Authority that have the following characteristics: 

— involve accessories beyond those normally associated with desk¬ 
top computers, such as functional replicas of a throttle quadrant, 
a sidestick controller, or an FMS keypad; and 
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— involve psychomotor activity with appropriate application of 
force and timing of responses. 

b) Type II. A flight simulation training device that represents a 
generic turbine-powered aeroplane. 

Note. — This requirement can be met by a flight simulation train¬ 
ing device equipped with a daylight visual system and otherwise 
meeting, at a minimum, the specifications equivalent to FAA FTD 
Level 5, or JAA FNPTII, MCC. 

c) Type III. A flight simulation training device that represents a 
multi-engined turbine-powered aeroplane certificated for a crew 
of two pilots with enhanced daylight visual system and equipped 
with an autopilot. 

Note. — This requirement can be met by a flight simulation train¬ 
ing device equipped with a daylight visual system and otherwise 
meeting, at a minimum, the specifications equivalent to a Level B 
simulator as defined in JAR STD IA, as amended; and in FAA AC 
I20-40B, as amended, including Alternate Means of Compliance 
(AMOC), as permitted in AC I20-40B. (Some previously evalu¬ 
ated Level A full flight simulators that have been approved for 
training and checking required manoeuvres may be used.) 

d) Type IV. Fully equivalent to a Level D flight simulator or to a Level 
C flight simulator with an enhanced daylight visual system. 

Note. — This requirement can be met by a flight simulation training 
device meeting, at a minimum, the specifications equivalent to a 
Level C and Level D simulator as defined in JAR STD I A, as 
amended; and in FAA AC I20-40B, as amended, including Alternate 
Means of Compliance (AMOC), as permitted in AC 120-40B. 



ATTACHMENT A 


ICAO LANGUAGE PROFICIENCY RATING SCALE 


1.1 Expert, extended and operational levels 


LEVEL 

PRONUNCIATION 

Assumes a dialect 
and/or accent 
intelligible to the 
aeronautical 
community 

STRUCTURE 

Relevant 
grammatical 
structures and 
sentence patterns 
are determined 
by language 
functions 
appropriate to 
the task 

VOCABULARY 

FLUENCY 

COMPREHENSION 

INTERACTIONS 

Expert 

Pronunciation, stress, 

Both basic and 

Vocabulary range 

Able to speak 

Comprehension 

Interacts with 

6 

rhythm, and 

complex 

and accuracy 

at length 

is consistently 

ease in 


intonation, though 

grammatical 

are sufficient 

with a natural, 

accurate in 

nearly all 


possibly influenced 

structures and 

to communicate 

effortless 

nearly all 

situations. Is 


by the first 

sentence patterns 

effectively on a 

flow. Varies 

contexts and 

sensitive to 


language or 

are consistently 

wide variety 

speech 

includes 

verbal and 


regional variation, 
almost never 
interfere with ease 

well controlled. 

of familiar and 
unfamiliar topics. 
Vocabulary 

flow for 
stylistic effect, 
e.g. to 

comprehension 
of linguistic 
and cultural 

non-verbal 
cues and 
responds 


of understanding. 

sometimes interfere 

is idiomatic, 
nuanced, 
and sensitive 
to register. 

emphasize a 
point. Uses 
appropriate 
discourse 
markers and 

connectors 

spontaneously. 

subtleties. 

to them 
appropriately. 
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( Continued ) 


LEVEL 

PRONUNCIATION 

Assumes a dialect 
and/or accent 
intelligible to the 
aeronautical 
community 

STRUCTURE 

Relevant 
grammatical 
structures and 
sentence patterns 
are determined 
by language 
functions 
appropriate to 
the task 

VOCABULARY 

FLUENCY 

COMPREHENSION 

INTERACTIONS 

Extended 

Pronunciation, stress, 

Basic grammatical 

Vocabulary range 

Able to speak at 

Comprehension 

Responses are 

5 

rhythm, and 

structures and 

and accuracy are 

length with 

is accurate on 

immediate, 


intonation, though 

sentence patterns 

sufficient to 

relative ease on 

common, 

appropriate, 


influenced 

are consistently 

communicate 

familiar topics 

concrete, and 

and 


by the first 

well controlled. 

effectively on 

but may not vary 

work-related 

informative. 


language or 

Complex structures 

common, concrete, 

speech flow as 

topics and mostly 

Manages the 


regional variation, 

are attempted but 

and work-related 

a stylistic 

accurate when 

speaker/ 


rarley interfere 

with errors which 

topics. 

device. Can 

the speaker is 

listener 


with ease of 

sometimes interfere 

Paraphrases 

make use of 

confronted with 

relationship 


understanding. 

with meaning. 

consistently and 
successfully. 
Vocabulary is 
sometimes 

idiomatic. 

appropriate 
discourse 
markers or 

connectors. 

a linguistic or 
situational 
complication or 
an unexpected 
turn of events. 

Is able to 
comprehend a 
range of speech 
varieties (dialect 
and/or accent) 
or registers. 

effectively. 
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LEVEL 

PRONUNCIATION 

Assumes a dialect 
and/or accent 
intelligible to the 
aeronautical 
community 

STRUCTURE 

Relevant 
grammatical 
structures and 
sentence patterns 
are determined 
by language 
functions 
appropriate to 
the task 

VOCABULARY 

FLUENCY 

COMPREHENSION 

INTERACTIONS 

Operational Pronunciation, stress, 

Basic grammatical 

Vocabulary range 

Produces stretches 

Comprehension is 

Responses are 

4 

rhythm, and 

structures and 

and accuracy are 

of language at 

mostly accurate 

usually 


intonation are 

sentence patterns 

usually sufficient 

an appropriate 

on common, 

immediate, 


influenced by the 

are used creatively 

to communicate 

tempo. There 

concrete, and 

appropriate, 


first language or 

and are usually 

effectively on 

may be 

work-related 

and 


regional variation 

well controlled. 

common, concrete, 

occasional 

topics when the 

informative. 


but only sometimes 

Errors may occur, 

and work-related 

loss of fluency 

accent or variety 

Initiates and 


interfere with ease 

particularly in 

topics. Can often 

on transition 

used is 

maintains 


of understanding. 

unusual or 

paraphrase 

from rehearsed 

sufficiently 

exchanges 



unexpected 

successfully 

or formulaic 

intelligible for 

even when 



circumstances, but 

when lacking 

speech to 

an international 

dealing with 



rarely interfere 

vocabulary in 

spontaneous 

community of 

an unex¬ 



with meaning. 

unusual or 

interaction, but 

users. When the 

pected turn 




unexpected 

this does not 

speaker is 

of events. 




circumstances. 

prevent effective 

confronted with 

Deals 





communication. 

a linguistic or 

adequately 





Can make 

situational 

with apparent 
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( Continued) 




STRUCTURE 







Relevant 







grammatical 
structures and 






PRONUNCIATION 

sentence patterns 






Assumes a dialect 

are determined 






and/or accent 

by language 






intelligible to the 

functions 






aeronautical 

appropriate to 





LEVEL 

community 

the task 

VOCABULARY 

FLUENCY 

COMPREHENSION 

INTERACTIONS 


limited use of 

complication 

misunder¬ 

discourse 

or an 

standings by 

markers or 

unexpected turn 

checking, 

connectors. 

of events, 

confirming, 

Fillers are not 
distracting. 

comprehension 
may be slower 
or require 
clarification 
strategies. 

or clarifying. 


VI 

OD 
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1.2 Pre-operational, elementary and pre-elementary levels 


LEVEL 

PRONUNCIATION 

Assumes a dialect 
and/or accent 
intelligible to the 
aeronautical 
community 

STRUCTURE 

Relevant 
grammatical 
structures and 
sentence patterns 
are determined 
by language 
functions 
appropriate to 
the task 

VOCABULARY 

FLUENCY 

COMPREHENSION 

INTERACTIONS 

Pre- 

Pronunciation, stress, 

Basic grammatical 

Vocabulary range 

Produces stretches 

Comprehension is 

Responses are 

opera- 

rhythm, and 

structures and 

and accuracy are 

of language, but 

often accurate 

sometimes 

tional 

intonation are 

sentence patterns 

often sufficient to 

phrasing and 

on common, 

immediate, 

3 

influenced by the 

associated with 

communicate on 

pausing are 

concrete, and 

appropriate, 


first language or 

predictable 

common, concrete, 

often 

work-related 

and 


regional variation 

situations are not 

or work-related 

inappropriate. 

topics when the 

informative. 


and frequently 

always well 

topics, but range 

Hesitations or 

accent or variety 

Can initiate 


interfere with ease 

controlled. Errors 

is limited and the 

slowness in 

used is 

and maintain 


of understanding. 

frequently 
interfere with 
meaning. 

word choice often 
inappropriate. 

Is often unable to 
paraphrase 
successfully when 
lacking vocabulary. 

language 
processing may 
prevent effective 
communication. 

Fillers are 

sometimes 

distracting. 

sufficiently 
intelligible for 
an international 
community of 
users. May fail 
to understand a 
linguistic or 
situational 
complication or 

exchanges 

with 

reasonable 

ease on 

familiar topics 

and in 

predictable 

situations. 

Generally 

inadequate 
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LEVEL 

PRONUNCIATION 

Assumes a dialect 
and/or accent 
intelligible to the 
aeronautical 
community 

STRUCTURE 

Relevant 
grammatical 
structures and 
sentence patterns 
are determined 
by language 
functions 
appropriate to 
the task 

VOCABULARY 

FLUENCY 

COMPREHENSION 

INTERACTIONS 

Elementary 

Pronunciation, stress, 

Shows only limited 

Limited vocabulary 

Can produce very 

an unexpected 
turn of events. 

Comprehension is 

when dealing 
with an 
unexpected 
turn of 

events. 

Response time 

2 

rhythm, and 

control of a few 

range consisting 

short, isolated, 

limited to 

is slow and 


intonation are 

simple 

only of isolated 

memorized 

isolated, 

often 


heavily influenced 

memorized 

words and 

utterances with 

memorized 

inappropriate. 


by the first language 

grammatical 

memorized 

frequent pausing 

phrases when 

Interaction is 


or regional variation 

structures and 

phrases. 

and a distracting 

they are 

limited to 


and usually interfere 

sentence patterns. 


use of fillers to 

carefully and 

simple 


( Continued ) 


Appendix I 783 



( Continued ) 

STRUCTURE 
Relevant 
grammatical 
structures and 

PRONUNCIATION sentence patterns 

Assumes a dialect are determined 

and/or accent by language 

intelligible to the functions 

aeronautical appropriate to 


LEVEL 

community 

the task 

VOCABULARY 

FLUENCY 

COMPREHENSION 

INTERACTIONS 


with ease of 
understanding. 



search for 
expressions and 
to articulate less 
familiar words. 

slowly 

articulated. 

routine 

exchanges. 

Preelemen¬ 
tary 1 

Performs at a level 
below the 
Elementary level. 

Performs at a level 
below the 
Elementary level. 

Performs at a level 
below the 
Elementary level. 

Performs at a level 
below the 
Elementary level. 

Performs at a level 
below the 
Elementary level. 

Performs at a 
level below 
the Elemen- 


tary level. 

Note. — The Operational Level (Level 4) is the minimum required proficiency level for radiotelephony communication. Levels 1 through 3 describe 
Pre-elementary, Elementary, and Pre-operational levels of language proficiency, respectively, all of which describe a level of proficiency below the ICAO lan¬ 
guage proficiency requirement. Levels 5 and 6 describe Extended and Expert levels, at levels of proficiency more advanced than the minimum required 
Standard. As a whole, the scale will serve as benchmarks for training and testing, and in assisting candidates to attain the ICAO Operational Level (Level 4). 
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Attachment B 


Multi-crew Pilot License — Aeroplane 
Levels of Competency 


1. CORE FLYING SKILLS 

The level of competency at which the applicant shall have com¬ 
plied with the requirements for the private pilot license specified 
in Chapter 2, 2.3, including night flight requirements, and, in 
addition, have completed, smoothly and with accuracy, all pro¬ 
cedures and manoeuvres related to upset training and flight with 
reference solely to instruments. From the outset, all training is 
conducted in an integrated multi-crew, competency-based and 
threat and error management (TEM) environment. Initial training 
and instructional input levels are high as core skills are being 
embedded in the ab initio application. Assessment at this level 
confirms that control of the aeroplane is maintained at all times 
in a manner such that the successful outcome of a procedure or a 
manoeuvre is assured. 

2. LEVEL 1 (BASIC) 

The level of competency at which assessment confirms that control 
of the aeroplane or situation is maintained at all times and in such a 
manner that if the successful outcome of a procedure or manoeuvre 
is in doubt, corrective action is taken. Performance in the generic 
cockpit environment does not yet consistently meet the Standards of 
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knowledge, operational skills and level of achievement required in 
the core competencies. Continual training input is required to meet 
an acceptable initial operating standard. Specific performance 
improvement/personal development plans will be agreed and the 
details recorded. Applicants will be continuously assessed as to their 
suitability to progress to further training and assessment in successive 
phases. 

3. LEVEL 2 (INTERMEDIATE) 

The level of competency at which assessment confirms that con¬ 
trol of the aeroplane or situation is maintained at all times and in 
such a manner that the successful outcome of a procedure or 
manoeuvre is assured. The training received at Level 2 shall be 
conducted under the instrument flight rules, but need not be spe¬ 
cific to any one type of aeroplane. On completion of Level 2, the 
applicant shall demonstrate levels of knowledge and operational 
skills that are adequate in the environment and achieves the basic 
standard in the core capability. Training support may be required 
with a specific development plan to maintain or improve aircraft 
handling, behavioural performance in leadership or team manage¬ 
ment. Improvement and development to attain the Standard is 
the key performance objective. Any core competency assessed as 
less than satisfactory should include supporting evidence and a 
remedial plan. 

4. LEVEL 3 (ADVANCED) 

The level of competency required to operate and interact as a co¬ 
pilot in a turbine-powered aeroplane certificated for operation 
with a minimum crew of at least two pilots, under visual and 
instrument conditions. Assessment confirms that control of the 
aeroplane or situation is maintained at all times in such a manner 
that the successful outcome of a procedure or manoeuvre 
is assured. The applicant shall consistently demonstrate the 
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knowledge, skills and attitudes required for the safe operation 
of an applicable aeroplane type as specified in the performance 
criteria. 

Note. — Material on the development of performance criteria can be 
found in the Procedures for Air Navigation Services —Training (PANS- 
TRG, Doc 9868). 
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Electronic Code of Federal Regulations 


e-CFR Data is current as of September 11, 2008 


Title 14: Aeronautics and Space 

PART 67 — MEDICAL STANDARDS AND CERTIFICATION 

Section Contents 


Subpart A — General 

§67.1 Applicability. 

§67.3 Issue. 

§67.4 Application. 

§67.7 Access to the National Driver Register. 

Subpart B — First-Class Airman Medical Certificate 

§67.101 Eligibility. 

§67.103 Eye. 

§67.105 Ear, nose, throat, and equilibrium. 

§67.107 Mental. 

§67.109 Neurologic. 

§67.111 Cardiovascular. 

§67.113 General medical condition. 

§67.115 Discretionary issuance. 
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Subpart C — Second-Class Airman Medical Certificate 

§67.201 Eligibility. 

§67.203 Eye. 

§67.205 Ear, nose, throat, and equilibrium. 

§67.207 Mental. 

§67.209 Neurologic. 

§67.211 Cardiovascular. 

§67.213 General medical condition. 

§67.215 Discretionary issuance. 

Subpart D —Third-Class Airman Medical Certificate 

§67.301 Eligibility. 

§67.303 Eye. 

§67.305 Ear, nose, throat, and equilibrium. 

§67.307 Mental. 

§67.309 Neurologic. 

§67.311 Cardiovascular. 

§67.313 General medical condition. 

§67.315 Discretionary issuance. 

Subpart E — Certification Procedures 

§67.401 Special issuance of medical certificates. 

§67.403 Applications, certificates, logbooks, reports, and records: 

Falsification, reproduction, or alteration; incorrect statements. 
§67.405 Medical examinations: Who may perform? 

§67.407 Delegation of authority. 

§67.409 Denial of medical certificate. 

§67.411 [Reserved] 

§67.413 Medical records. 

§67.41 5 Return of medical certificate after suspension or revocation. 

Authority: 49 U.S.C. 106(g), 401 13, 44701-44703, 44707, 
44709-44711, 45102-45103, 45301-45303. 
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Source: Docket No. 27940, 61 FR 11256, Mar. 19, 1996, unless 
otherwise noted. 

Subpart A — General 

§67.1 Applicability. 

This part prescribes the medical standards and certification proce¬ 
dures for issuing medical certificates for airmen and for remaining 
eligible for a medical certificate. 

§67.3 Issue. 

A person who meets the medical standards prescribed in this part, 
based on medical examination and evaluation of the person's history 
and condition, is entitled to an appropriate medical certificate. 

[Doc. No. FAA-2007-27812, 73 FR 43065, July 24, 2008] 

§67.4 Application. 

An applicant for first-, second- and third-class medical certification 
must: 

(a) Apply on a form and in a manner prescribed by the Administrator; 

(b) Be examined by an aviation medical examiner designated in accor¬ 
dance with part 183 of this chapter. An applicant may obtain a list 
of aviation medical examiners from the FAA Office of Aerospace 
Medicine homepage on the FAA Web site, from any FAA Regional 
Flight Surgeon, or by contacting the Manager of the Aerospace 
Medical Education Division, RO. Box 26200, Oklahoma City, 
Oklahoma 73125. 

(c) Show proof of age and identity by presenting a government- 
issued photo identification (such as a valid U.S. driver's license, 
identification card issued by a driver's license authority, military 
identification, or passport). If an applicant does not have govern¬ 
ment-issued identification, he or she may use non-photo, gov¬ 
ernment-issued identification (such as a birth certificate or voter 
registration card) in conjunction with photo identification (such 
as a work identification card or a student identification card). 



792 


Appendix II 


[Doc. No. FAA-2007-27812, 73 FR 43065, July 24, 2008] 

§67.7 Access to the National Driver Register. 

At the time of application for a certificate issued under this part, each 
person who applies for a medical certificate shall execute an express 
consent form authorizing the Administrator to request the chief driver 
licensing official of any state designated by the Administrator to trans¬ 
mit information contained in the National Driver Register about the 
person to the Administrator. The Administrator shall make informa¬ 
tion received from the National Driver Register, if any, available on 
request to the person for review and written comment. 

Subpart B — First-Class Airman Medical Certificate 

§67.101 Eligibility. 

To be eligible for a first-class airman medical certificate, and to 
remain eligible for a first-class airman medical certificate, a person 
must meet the requirements of this subpart. 

§67.103 Eye. 

Eye standards for a first-class airman medical certificate are: 

(a) Distant visual acuity of 20/20 or better in each eye separately, with 
or without corrective lenses. If corrective lenses (spectacles or 
contact lenses) are necessary for 20/20 vision, the person may be 
eligible only on the condition that corrective lenses are worn 
while exercising the privileges of an airman certificate. 

(b) Near vision of 20/40 or better, Snellen equivalent, at 16 inches in 
each eye separately, with or without corrective lenses. If age 50 or 
older, near vision of 20/40 or better, Snellen equivalent, at both 
16 inches and 32 inches in each eye separately, with or without 
corrective lenses. 

(c) Ability to perceive those colors necessary for the safe performance 
of airman duties. 

(d) Normal fields of vision. 

(e) No acute or chronic pathological condition of either eye or 
adnexa that interferes with the proper function of an eye, that 
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may reasonably be expected to progress to that degree, or that 
may reasonably be expected to be aggravated by flying. 

(f) Bifoveal fixation and vergence-phoria relationship sufficient to 
prevent a break in fusion under conditions that may reasonably be 
expected to occur in performing airman duties. Tests for the fac¬ 
tors named in this paragraph are not required except for persons 
found to have more than 1 prism diopter of hyperphoria, 6 prism 
diopters of esophoria, or 6 prism diopters of exophoria. If any of 
these values are exceeded, the Federal Air Surgeon may require 
the person to be examined by a qualified eye specialist to deter¬ 
mine if there is bifoveal fixation and an adequate vergence-phoria 
relationship. FHowever, if otherwise eligible, the person is issued a 
medical certificate pending the results of the examination. 

§67.105 Ear, nose, throat, and equilibrium. 

Ear, nose, throat, and equilibrium standards for a first-class airman 
medical certificate are: 

(a) The person shall demonstrate acceptable hearing by at least one 
of the following tests: 

(1) Demonstrate an ability to hear an average conversational 
voice in a quiet room, using both ears, at a distance of 6 feet 
from the examiner, with the back turned to the examiner. 

(2) Demonstrate an acceptable understanding of speech as 
determined by audiometric speech discrimination testing to a 
score of at least 70 percent obtained in one ear or in a sound 
field environment. 

(3) Provide acceptable results of pure tone audiometric testing of 
unaided hearing acuity according to the following table of 
worst acceptable thresholds, using the calibration standards 
of the American National Standards Institute, 1969 (11 West 
42d Street, New York, NY 10036): 


Frequency (EHz) 

500 Hz 

1 000 Hz 

2000 Hz 

3000 Hz 

Better ear (Db) 

35 

30 

30 

40 

Poorer ear (Db) 

35 

50 

50 

60 
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(b) No disease or condition of the middle or internal ear, nose, oral 
cavity, pharynx, or larynx that — 

(1) Interferes with, or is aggravated by, flying or may reasonably 
be expected to do so; or 

(2) Interferes with, or may reasonably be expected to interfere 
with, clear and effective speech communication. 

(c) No disease or condition manifested by, or that may reasonably 
be expected to be manifested by, vertigo or a disturbance of 
equilibrium. 

§67.107 Mental. 

Mental standards for a first-class airman medical certificate are: 

(a) No established medical history or clinical diagnosis of any of the 
following: 

(1) A personality disorder that is severe enough to have repeat¬ 
edly manifested itself by overt acts. 

(2) A psychosis. As used in this section, "psychosis" refers to a 
mental disorder in which: 

(i) The individual has manifested delusions, hallucinations, 
grossly bizarre or disorganized behavior, or other com¬ 
monly accepted symptoms of this condition; or 

(ii) The individual may reasonably be expected to manifest 
delusions, hallucinations, grossly bizarre or disorganized 
behavior, or other commonly accepted symptoms of this 
condition. 

(3) A bipolar disorder. 

(4) Substance dependence, except where there is established clini¬ 
cal evidence, satisfactory to the Federal Air Surgeon, of recovery, 
including sustained total abstinence from the substance(s) for not 
less than the preceding 2 years. As used in this section — 

(i) "Substance" includes: Alcohol; other sedatives and hyp¬ 
notics; anxiolytics; opioids; central nervous system stimu¬ 
lants such as cocaine, amphetamines, and similarly acting 
sympathomimetics; hallucinogens; phencyclidine or simi¬ 
larly acting arylcyclohexylamines; cannabis; inhalants; 
and other psychoactive drugs and chemicals; and 
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(ii) "Substance dependence" means a condition in which a per¬ 
son is dependent on a substance, other than tobacco or ordi¬ 
nary xanthine-containing (e.g., caffeine) beverages, as 
evidenced by — 

(A) Increased tolerance; 

(B) Manifestation of withdrawal symptoms; 

(C) Impaired control of use; or 

(D) Continued use despite damage to physical health 
or impairment of social, personal, or occupational 
functioning. 

(b) No substance abuse within the preceding 2 years defined as: 

(1) Use of a substance in a situation in which that use was phys¬ 
ically hazardous, if there has been at any other time an 
instance of the use of a substance also in a situation in which 
that use was physically hazardous; 

(2) A verified positive drug test result, an alcohol test result of 0.04 
or greater alcohol concentration, or a refusal to submit to a drug 
or alcohol test required by the U.S. Department of Transportation 
or an agency of the U.S. Department of Transportation; or 

(3) Misuse of a substance that the Federal Air Surgeon, based on 
case history and appropriate, qualified medical judgment 
relating to the substance involved, finds — 

(i) Makes the person unable to safely perform the duties or 
exercise the privileges of the airman certificate applied 
for or held; or 

(ii) May reasonably be expected, for the maximum duration 
of the airman medical certificate applied for or held, to 
make the person unable to perform those duties or exer¬ 
cise those privileges. 

(c) No other personality disorder, neurosis, or other mental condi¬ 
tion that the Federal Air Surgeon, based on the case history and 
appropriate, qualified medical judgment relating to the condition 
involved, finds — 

(1) Makes the person unable to safely perform the duties or exercise 
the privileges of the airman certificate applied for or held; or 

(2) May reasonably be expected, for the maximum duration of the 
airman medical certificate applied for or held, to make the per¬ 
son unable to perform those duties or exercise those privileges. 
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[Doc. No. 27940, 61 FR 11256, Mar. 19, 1996, as amended by 
Arndt. 67-19, 71 FR 35764, June 21, 2006] 

§67.109 Neurologic. 

Neurologic standards for a first-class airman medical certificate are: 

(a) No established medical history or clinical diagnosis of any of the 
following: 

(1) Epilepsy; 

(2) A disturbance of consciousness without satisfactory medical 
explanation of the cause; or 

(3) A transient loss of control of nervous system function(s) with¬ 
out satisfactory medical explanation of the cause. 

(b) No other seizure disorder, disturbance of consciousness, or neu¬ 
rologic condition that the Federal Air Surgeon, based on the case 
history and appropriate, qualified medical judgment relating to 
the condition involved, finds — 

(1) Makes the person unable to safely perform the duties or exercise 
the privileges of the airman certificate applied for or held; or 

(2) May reasonably be expected, for the maximum duration of the 
airman medical certificate applied for or held, to make the per¬ 
son unable to perform those duties or exercise those privileges. 

§67.111 Cardiovascular. 

Cardiovascular standards for a first-class airman medical certificate are: 

(a) No established medical history or clinical diagnosis of any of the 
following: 

(1) Myocardial infarction; 

(2) Angina pectoris; 

(3) Coronary heart disease that has required treatment or, if 
untreated, that has been symptomatic or clinically significant; 

(4) Cardiac valve replacement; 

(5) Permanent cardiac pacemaker implantation; or 

(6) FHeart replacement; 
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(b) A person applying for first-class medical certification must demon¬ 
strate an absence of myocardial infarction and other clinically 
significant abnormality on electrocardiographic examination: 

(1) At the first application after reaching the 35th birthday; and 

(2) On an annual basis after reaching the 40th birthday. 

(c) An electrocardiogram will satisfy a requirement of paragraph 
(b) of this section if it is dated no earlier than 60 days before 
the date of the application it is to accompany and was per¬ 
formed and transmitted according to acceptable standards and 
techniques. 

§67.113 General medical condition. 

The general medical standards for a first-class airman medical certifi¬ 
cate are: 

(a) No established medical history or clinical diagnosis of diabetes 
mellitus that requires insulin or any other hypoglycemic drug for 
control. 

(b) No other organic, functional, or structural disease, defect, or lim¬ 
itation that the Federal Air Surgeon, based on the case history and 
appropriate, qualified medical judgment relating to the condition 
involved, finds — 

(1) Makes the person unable to safely perform the duties or exercise 
the privileges of the airman certificate applied for or held; or 

(2) May reasonably be expected, for the maximum duration of 
the airman medical certificate applied for or held, to make 
the person unable to perform those duties or exercise 
those privileges. 

(c) No medication or other treatment that the Federal Air Surgeon, 
based on the case history and appropriate, qualified medical 
judgment relating to the medication or other treatment involved, 
finds — 

(1) Makes the person unable to safely perform the duties or exercise 
the privileges of the airman certificate applied for or held; or 
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(2) May reasonably be expected, for the maximum duration of the 
airman medical certificate applied for or held, to make the per¬ 
son unable to perform those duties or exercise those privileges. 

§67.115 Discretionary issuance. 

A person who does not meet the provisions of §§67.103 through 

67.113 may apply for the discretionary issuance of a certificate under 

§67.401. 

Subpart C — Second-Class Airman Medical Certificate 

§67.201 Eligibility. 

To be eligible for a second-class airman medical certificate, and to 

remain eligible for a second-class airman medical certificate, a per¬ 
son must meet the requirements of this subpart. 

§67.203 Eye. 

Eye standards for a second-class airman medical certificate are: 

(a) Distant visual acuity of 20/20 or better in each eye separately, 
with or without corrective lenses. If corrective lenses (spectacles 
or contact lenses) are necessary for 20/20 vision, the person may 
be eligible only on the condition that corrective lenses are worn 
while exercising the privileges of an airman certificate. 

(b) Near vision of 20/40 or better, Snellen equivalent, at 1 6 inches in 
each eye separately, with or without corrective lenses. If age 50 
or older, near vision of 20/40 or better, Snellen equivalent, at 
both 16 inches and 32 inches in each eye separately, with or 
without corrective lenses. 

(c) Ability to perceive those colors necessary for the safe perform¬ 
ance of airman duties. 

(d) Normal fields of vision. 

(e) No acute or chronic pathological condition of either eye or 
adnexa that interferes with the proper function of an eye, that 
may reasonably be expected to progress to that degree, or that 
may reasonably be expected to be aggravated by flying. 
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(f) Bifovea] fixation and vergence-phoria relationship sufficient to 
prevent a break in fusion under conditions that may reasonably 
be expected to occur in performing airman duties. Tests for the 
factors named in this paragraph are not required except for per¬ 
sons found to have more than 1 prism diopter of hyperphoria, 
6 prism diopters of esophoria, or 6 prism diopters of exophoria. 
If any of these values are exceeded, the Federal Air Surgeon may 
require the person to be examined by a qualified eye specia¬ 
list to determine if there is bifovea] fixation and an adequate 
vergence-phoria relationship. FHowever, if otherwise eligible, 
the person is issued a medical certificate pending the results of 
the examination. 

§67.205 Ear, nose, throat, and equilibrium. 

Ear, nose, throat, and equilibrium standards for a second-class air¬ 
man medical certificate are: 

(a) The person shall demonstrate acceptable hearing by at least one 
of the following tests: 

(1) Demonstrate an ability to hear an average conversational 
voice in a quiet room, using both ears, at a distance of 6 feet 
from the examiner, with the back turned to the examiner. 

(2) Demonstrate an acceptable understanding of speech as 
determined by audiometric speech discrimination testing to a 
score of at least 70 percent obtained in one ear or in a sound 
field environment. 

(3) Provide acceptable results of pure tone audiometric testing of 
unaided hearing acuity according to the following table of 
worst acceptable thresholds, using the calibration standards 
of the American National Standards Institute, 1969: 


Frequency (EHz) 

500 Hz 

1 000 Hz 

2000 Hz 

3000 Hz 

Better ear (Db) 

35 

30 

30 

40 

Poorer ear (Db) 

35 

50 

50 

60 
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(b) No disease or condition of the middle or internal ear, nose, oral 
cavity, pharynx, or larynx that — 

(1) Interferes with, or is aggravated by, flying or may reasonably 
be expected to do so; or 

(2) Interferes with, or may reasonably be expected to interfere 
with, clear and effective speech communication. 

(c) No disease or condition manifested by, or that may reasonably be 
expected to be manifested by, vertigo or a disturbance of equilibrium. 

§67.207 Mental. 

Mental standards for a second-class airman medical certificate are: 

(a) No established medical history or clinical diagnosis of any of the 
following: 

(1) A personality disorder that is severe enough to have repeat¬ 
edly manifested itself by overt acts. 

(2) A psychosis. As used in this section, "psychosis" refers to a 
mental disorder in which: 

(i) The individual has manifested delusions, hallucinations, 
grossly bizarre or disorganized behavior, or other com¬ 
monly accepted symptoms of this condition; or 

(ii) The individual may reasonably be expected to manifest delu¬ 
sions, hallucinations, grossly bizarre or disorganized behav¬ 
ior, or other commonly accepted symptoms of this condition. 

(3) A bipolar disorder. 

(4) Substance dependence, except where there is established clini¬ 
cal evidence, satisfactory to the Federal Air Surgeon, of recovery, 
including sustained total abstinence from the substance(s) for not 
less than the preceding 2 years. As used in this section — 

(i) "Substance" includes: Alcohol; other sedatives and hyp¬ 
notics; anxiolytics; opioids; central nervous system stimu¬ 
lants such as cocaine, amphetamines, and similarly acting 
sympathomimetics; hallucinogens; phencyclidine or simi¬ 
larly acting arylcyclohexylamines; cannabis; inhalants; 
and other psychoactive drugs and chemicals; and 

(ii) "Substance dependence" means a condition in which a 
person is dependent on a substance, other than tobacco 
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or ordinary xanthine-containing (e.g., caffeine) bever¬ 
ages, as evidenced by — 

(A) Increased tolerance; 

(B) Manifestation of withdrawal symptoms; 

(C) Impaired control of use; or 

(D) Continued use despite damage to physical health 
or impairment of social, personal, or occupational 
functioning. 

(b) No substance abuse within the preceding 2 years defined as: 

(1) Use of a substance in a situation in which that use was phys¬ 
ically hazardous, if there has been at any other time an 
instance of the use of a substance also in a situation in which 
that use was physically hazardous; 

(2) A verified positive drug test result, an alcohol test result of 0.04 
or greater alcohol concentration, or a refusal to submit to a drug 
or alcohol test required by the U.S. Department of Transportation 
or an agency of the U.S. Department of Transportation; or 

(3) Misuse of a substance that the Federal Air Surgeon, based on 
case history and appropriate, qualified medical judgment 
relating to the substance involved, finds— 

(i) Makes the person unable to safely perform the duties or 
exercise the privileges of the airman certificate applied 
for or held; or 

(ii) May reasonably be expected, for the maximum dura¬ 
tion of the airman medical certificate applied for or 
held, to make the person unable to perform those 
duties or exercise those privileges. 

(c) No other personality disorder, neurosis, or other mental condi¬ 
tion that the Federal Air Surgeon, based on the case history and 
appropriate, qualified medical judgment relating to the condition 
involved, finds — 

(1) Makes the person unable to safely perform the duties or 
exercise the privileges of the airman certificate applied for 
or held; or 

(2) May reasonably be expected, for the maximum duration of the 
airman medical certificate applied for or held, to make the per¬ 
son unable to perform those duties or exercise those privileges. 
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[Doc. No. 27940, 61 FR 11256, Mar. 19, 1996, as amended by 
Arndt. 67-19, 71 FR 35764, June 21, 2006] 

§67.209 Neurologic. 

Neurologic standards for a second-class airman medical certificate are: 

(a) No established medical history or clinical diagnosis of any of the 
following: 

(1) Epilepsy; 

(2) A disturbance of consciousness without satisfactory medical 
explanation of the cause; or 

(3) A transient loss of control of nervous system function(s) with¬ 
out satisfactory medical explanation of the cause; 

(b) No other seizure disorder, disturbance of consciousness, or neu¬ 
rologic condition that the Federal Air Surgeon, based on the case 
history and appropriate, qualified medical judgment relating to 
the condition involved, finds — 

(1) Makes the person unable to safely perform the duties or exercise 
the privileges of the airman certificate applied for or held; or 

(2) May reasonably be expected, for the maximum duration of 
the airman medical certificate applied for or held, to make 
the person unable to perform those duties or exercise those 
privileges. 

§67.211 Cardiovascular. 

Cardiovascular standards for a second-class medical certificate are 
no established medical history or clinical diagnosis of any of the 
following: 

(a) Myocardial infarction; 

(b) Angina pectoris; 

(c) Coronary heart disease that has required treatment or, if 
untreated, that has been symptomatic or clinically significant; 

(d) Cardiac valve replacement; 
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(e) Permanent cardiac pacemaker implantation; or 

(f) Heart replacement. 

§67.213 General medical condition. 

The general medical standards for a second-class airman medical 

certificate are: 

(a) No established medical history or clinical diagnosis of diabetes mel- 
litus that requires insulin or any other hypoglycemic drug for control. 

(b) No other organic, functional, or structural disease, defect, or lim¬ 
itation that the Federal Air Surgeon, based on the case history and 
appropriate, qualified medical judgment relating to the condition 
involved, finds — 

(1) Makes the person unable to safely perform the duties or exercise 
the privileges of the airman certificate applied for or held; or 

(2) May reasonably be expected, for the maximum duration of 
the airman medical certificate applied for or held, to make 
the person unable to perform those duties or exercise 
those privileges. 

(c) No medication or other treatment that the Federal Air Surgeon, 
based on the case history and appropriate, qualified medical 
judgment relating to the medication or other treatment involved, 
finds — 

(1) Makes the person unable to safely perform the duties or exercise 
the privileges of the airman certificate applied for or held; or 

(2) May reasonably be expected, for the maximum duration of the 
airman medical certificate applied for or held, to make the per¬ 
son unable to perform those duties or exercise those privileges. 

§67.215 Discretionary issuance. 

A person who does not meet the provisions of §§67.203 through 

67.213 may apply for the discretionary issuance of a certificate under 

§67.401. 
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Subpart D —Third-Class Airman Medical Certificate 

§67.301 Eligibility. 

To be eligible for a third-class airman medical certificate, or to 
remain eligible for a third-class airman medical certificate, a person 
must meet the requirements of this subpart. 

§67.303 Eye. 

Eye standards for a third-class airman medical certificate are: 

(a) Distant visual acuity of 20/40 or better in each eye separately, 
with or without corrective lenses. If corrective lenses (spectacles 
or contact lenses) are necessary for 20/40 vision, the person may 
be eligible only on the condition that corrective lenses are worn 
while exercising the privileges of an airman certificate. 

(b) Near vision of 20/40 or better, Snellen equivalent, at 1 6 inches in 
each eye separately, with or without corrective lenses. 

(c) Ability to perceive those colors necessary for the safe perform¬ 
ance of airman duties. 

(d) No acute or chronic pathological condition of either eye or 
adnexa that interferes with the proper function of an eye, that 
may reasonably be expected to progress to that degree, or that 
may reasonably be expected to be aggravated by flying. 

§67.305 Ear, nose, throat, and equilibrium. 

Ear, nose, throat, and equilibrium standards for a third-class airman 
medical certificate are: 

(a) The person shall demonstrate acceptable hearing by at least one 
of the following tests: 

(1) Demonstrate an ability to hear an average conversational 
voice in a quiet room, using both ears, at a distance of 6 feet 
from the examiner, with the back turned to the examiner. 

(2) Demonstrate an acceptable understanding of speech as deter¬ 
mined by audiometric speech discrimination testing to a score 
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of at least 70 percent obtained in one ear or in a sound field 
environment. 

(3) Provide acceptable results of pure tone audiometric testing of 
unaided hearing acuity according to the following table of 
worst acceptable thresholds, using the calibration standards 
of the American National Standards Institute, 1969: 


Frequency (Hz) 

500 Hz 

1000 Hz 

2000 Hz 

3000 Hz 

Better ear (Db) 

35 

30 

30 

40 

Poorer ear (Db) 

35 

50 

50 

60 


(b) No disease or condition of the middle or internal ear, nose, oral 
cavity, pharynx, or larynx that — 

(1) Interferes with, or is aggravated by, flying or may reasonably 
be expected to do so; or 

(2) Interferes with clear and effective speech communication. 

(c) No disease or condition manifested by, or that may reasonably be 
expected to be manifested by, vertigo or a disturbance of equilibrium. 

§67.307 Mental. 

Mental standards for a third-class airman medical certificate are: 

(a) No established medical history or clinical diagnosis of any of the 
following: 

(1) A personality disorder that is severe enough to have repeat¬ 
edly manifested itself by overt acts. 

(2) A psychosis. As used in this section, "psychosis" refers to a 
mental disorder in which — 

(i) The individual has manifested delusions, hallucinations, 
grossly bizarre or disorganized behavior, or other com¬ 
monly accepted symptoms of this condition; or 

(ii) The individual may reasonably be expected to manifest delu¬ 
sions, hallucinations, grossly bizarre or disorganized behav¬ 
ior, or other commonly accepted symptoms of this condition. 

(3) A bipolar disorder. 
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(4) Substance dependence, except where there is established clini¬ 
cal evidence, satisfactory to the Federal Air Surgeon, of recovery, 
including sustained total abstinence from the substance(s) for not 
less than the preceding 2 years. As used in this section — 

(i) "Substance" includes: alcohol; other sedatives and hyp¬ 
notics; anxiolytics; opioids; central nervous system stimu¬ 
lants such as cocaine, amphetamines, and similarly acting 
sympathomimetics; hallucinogens; phencyclidine or simi¬ 
larly acting arylcyclohexylamines; cannabis; inhalants; 
and other psychoactive drugs and chemicals; and 

(ii) "Substance dependence" means a condition in which a 
person is dependent on a substance, other than tobacco 
or ordinary xanthine-containing (e.g., caffeine) beverages, 
as evidenced by — 

(A) Increased tolerance; 

(B) Manifestation of withdrawal symptoms; 

(C) Impaired control of use; or 

(D) Continued use despite damage to physical health 
or impairment of social, personal, or occupational 
functioning. 

(b) No substance abuse within the preceding 2 years defined as: 

(1) Use of a substance in a situation in which that use was phys¬ 
ically hazardous, if there has been at any other time an 
instance of the use of a substance also in a situation in which 
that use was physically hazardous; 

(2) A verified positive drug test result, an alcohol test result of 0.04 
or greater alcohol concentration, or a refusal to submit to a drug 
or alcohol test required by the U.S. Department of Transportation 
or an agency of the U.S. Department of Transportation; or 

(3) Misuse of a substance that the Federal Air Surgeon, based on 
case history and appropriate, qualified medical judgment 
relating to the substance involved, finds— 

(i) Makes the person unable to safely perform the duties or 
exercise the privileges of the airman certificate applied 
for or held; or 

(ii) May reasonably be expected, for the maximum duration of 
the airman medical certificate applied for or held, to make 
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the person unable to perform those duties or exercise those 
privileges. 

(c) No other personality disorder, neurosis, or other mental condi¬ 
tion that the Federal Air Surgeon, based on the case history and 
appropriate, qualified medical judgment relating to the condition 
involved, finds — 

(1) Makes the person unable to safely perform the duties or exercise 
the privileges of the airman certificate applied for or held; or 

(2) May reasonably be expected, for the maximum duration of 
the airman medical certificate applied for or held, to make 
the person unable to perform those duties or exercise those 
privileges. 

[Doc. No. 27940, 61 FR 11256, Mar. 19, 1996, as amended by 

Arndt. 67-19, 71 FR 35764, June 21, 2006] 

§67.309 Neurologic. 

Neurologic standards for a third-class airman medical certificate are: 

(a) No established medical history or clinical diagnosis of any of the 
following: 

(1) Epilepsy; 

(2) A disturbance of consciousness without satisfactory medical 
explanation of the cause; or 

(3) A transient loss of control of nervous system function(s) with¬ 
out satisfactory medical explanation of the cause. 

(b) No other seizure disorder, disturbance of consciousness, or neu¬ 
rologic condition that the Federal Air Surgeon, based on the case 
history and appropriate, qualified medical judgment relating to 
the condition involved, finds — 

(1) Makes the person unable to safely perform the duties or exer¬ 
cise the privileges of the airman certificate applied for or 
held; or 

(2) May reasonably be expected, for the maximum duration 
of the airman medical certificate applied for or held, to 
make the person unable to perform those duties or exer¬ 
cise those privileges. 
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§67.311 Cardiovascular. 

Cardiovascular standards for a third-class airman medical certificate 
are no established medical history or clinical diagnosis of any of the 
following: 

(a) Myocardial infarction; 

(b) Angina pectoris; 

(c) Coronary heart disease that has required treatment or, if 
untreated, that has been symptomatic or clinically significant; 

(d) Cardiac valve replacement; 

(e) Permanent cardiac pacemaker implantation; or 

(f) Heart replacement. 

§67.313 General medical condition. 

The general medical standards for a third-class airman medical 
certificate are: 

(a) No established medical history or clinical diagnosis of diabetes mel- 
litus that requires insulin or any other hypoglycemic drug for control. 

(b) No other organic, functional, or structural disease, defect, or lim¬ 
itation that the Federal Air Surgeon, based on the case history and 
appropriate, qualified medical judgment relating to the condition 
involved, finds — 

(1) Makes the person unable to safely perform the duties or exercise 
the privileges of the airman certificate applied for or held; or 

(2) May reasonably be expected, for the maximum duration of 
the airman medical certificate applied for or held, to make 
the person unable to perform those duties or exercise those 
privileges. 

(c) No medication or other treatment that the Federal Air Surgeon, based 
on the case history and appropriate, qualified medical judgment 
relating to the medication or other treatment involved, finds — 

(1) Makes the person unable to safely perform the duties or exercise 
the privileges of the airman certificate applied for or held; or 

(2) May reasonably be expected, for the maximum duration of the 
airman medical certificate applied for or held, to make the per¬ 
son unable to perform those duties or exercise those privileges. 
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§67.315 Discretionary issuance. 

A person who does not meet the provisions of §§67.303 through 
67.313 may apply for the discretionary issuance of a certificate under 
§67.401. 


Subpart E — Certification Procedures 

§67.401 Special issuance of medical certificates. 

(a) At the discretion of the Federal Air Surgeon, an Authorization for 
Special Issuance of a Medical Certificate (Authorization), valid 
for a specified period, may be granted to a person who does not 
meet the provisions of subparts B, C, or D of this part if the per¬ 
son shows to the satisfaction of the Federal Air Surgeon that the 
duties authorized by the class of medical certificate applied for 
can be performed without endangering public safety during the 
period in which the Authorization would be in force. The Federal 
Air Surgeon may authorize a special medical flight test, practical 
test, or medical evaluation for this purpose. A medical certificate 
of the appropriate class may be issued to a person who does not 
meet the provisions of subparts B, C, or D of this part if that person 
possesses a valid Authorization and is otherwise eligible. An airman 
medical certificate issued in accordance with this section shall 
expire no later than the end of the validity period or upon the with¬ 
drawal of the Authorization upon which it is based. At the end of its 
specified validity period, for grant of a new Authorization, the per¬ 
son must again show to the satisfaction of the Federal Air Surgeon 
that the duties authorized by the class of medical certificate applied 
for can be performed without endangering public safety during the 
period in which the Authorization would be in force. 

(b) At the discretion of the Federal Air Surgeon, a Statement of 
Demonstrated Ability (SODA) may be granted, instead of an 
Authorization, to a person whose disqualifying condition is static 
or nonprogressive and who has been found capable of perform¬ 
ing airman duties without endangering public safety. A SODA 
does not expire and authorizes a designated aviation medical 
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examiner to issue a medical certificate of a specified class if the 
examiner finds that the condition described on its face has not 
adversely changed. 

(c) In granting an Authorization or SODA, the Federal Air Surgeon may 
consider the person's operational experience and any medical facts 
that may affect the ability of the person to perform airman duties 
including — 

(1) The combined effect on the person of failure to meet more 
than one requirement of this part; and 

(2) The prognosis derived from professional consideration of all 
available information regarding the person. 

(d) In granting an Authorization or SODA under this section, the 
Federal Air Surgeon specifies the class of medical certificate 
authorized to be issued and may do any or all of the following: 

(1) Limit the duration of an Authorization; 

(2) Condition the granting of a new Authorization on the results 
of subsequent medical tests, examinations, or evaluations; 

(3) State on the Authorization or SODA, and any medical certificate 
based upon it, any operational limitation needed for safety; or 

(4) Condition the continued effect of an Authorization or SODA, 
and any second- or third-class medical certificate based upon 
it, on compliance with a statement of functional limitations 
issued to the person in coordination with the Director of 
Flight Standards or the Director's designee. 

(e) In determining whether an Authorization or SODA should be 
granted to an applicant for a third-class medical certificate, the 
Federal Air Surgeon considers the freedom of an airman, exercis¬ 
ing the privileges of a private pilot certificate, to accept reasonable 
risks to his or her person and property that are not acceptable in 
the exercise of commercial or airline transport pilot privileges, and, 
at the same time, considers the need to protect the safety of 
persons and property in other aircraft and on the ground. 

(f) An Authorization or SODA granted under the provisions of this 
section to a person who does not meet the applicable provisions 
of subparts B, C, or D of this part may be withdrawn, at the 
discretion of the Federal Air Surgeon, at any time if — 
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(1) There is adverse change in the holder's medical condition; 

(2) The holder fails to comply with a statement of functional lim¬ 
itations or operational limitations issued as a condition of cer¬ 
tification under this section; 

(3) Public safety would be endangered by the holder's exercise 
of airman privileges; 

(4) The holder fails to provide medical information reasonably 
needed by the Federal Air Surgeon for certification under this 
section; or 

(5) The holder makes or causes to be made a statement or entry 
that is the basis for withdrawal of an Authorization or SODA 
under §67.403. 

(g) A person who has been granted an Authorization or SODA under 
this section based on a special medical flight or practical test need 
not take the test again during later physical examinations unless the 
Federal Air Surgeon determines or has reason to believe that the 
physical deficiency has or may have degraded to a degree to 
require another special medical flight test or practical test. 

(h) The authority of the Federal Air Surgeon under this section is also 
exercised by the Manager, Aeromedical Certification Division, 
and each Regional Flight Surgeon. 

(i) If an Authorization or SODA is withdrawn under paragraph (f) of 
this section the following procedures apply: 

(1) The holder of the Authorization or SODA will be served a let¬ 
ter of withdrawal, stating the reason for the action; 

(2) By not later than 60 days after the service of the letter of with¬ 
drawal, the holder of the Authorization or SODA may 
request, in writing, that the Federal Air Surgeon provide for 
review of the decision to withdraw. The request for review 
may be accompanied by supporting medical evidence; 

(3) Within 60 days of receipt of a request for review, a written 
final decision either affirming or reversing the decision to 
withdraw will be issued; and 

(4) A medical certificate rendered invalid pursuant to a with¬ 
drawal, in accordance with paragraph (a) of this section, shall 
be surrendered to the Administrator upon request. 
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(j) An Authorization or SODA granted under the provisions of this 
section to a person who does not meet the applicable provisions 
of subparts B, C, or D of this part must be in that person's physi¬ 
cal possession or readily accessible in the aircraft. 

[Docket No. 27940, 61 FR 1 1256, Mar. 19, 1996, as amended by 

Arndt. 67-20, 73 FR 43066, July 24, 2008] 

§67.403 Applications, certificates, logbooks, reports, and records: 

Falsification, reproduction, or alteration; incorrect statements. 

(a) No person may make or cause to be made — 

(1) A fraudulent or intentionally false statement on any applica¬ 
tion for a medical certificate or on a request for any 
Authorization for Special Issuance of a Medical Certificate 
(Authorization) or Statement of Demonstrated Ability (SODA) 
under this part; 

(2) A fraudulent or intentionally false entry in any logbook, 
record, or report that is kept, made, or used, to show compli¬ 
ance with any requirement for any medical certificate or for 
any Authorization or SODA under this part; 

(3) A reproduction, for fraudulent purposes, of any medical cer¬ 
tificate under this part; or 

(4) An alteration of any medical certificate under this part. 

(b) The commission by any person of an act prohibited under para¬ 
graph (a) of this section is a basis for — 

(1) Suspending or revoking all airman, ground instructor, and 
medical certificates and ratings held by that person; 

(2) Withdrawing all Authorizations or SODA's held by that per¬ 
son; and 

(3) Denying all applications for medical certification and 
requests for Authorizations or SODA's. 

(c) The following may serve as a basis for suspending or revoking a 
medical certificate; withdrawing an Authorization or SODA; or 
denying an application for a medical certificate or request for an 
authorization or SODA: 
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(1) An incorrect statement, upon which the FAA relied, made in 
support of an application for a medical certificate or request 
for an Authorization or SODA. 

(2) An incorrect entry, upon which the FAA relied, made in any 
logbook, record, or report that is kept, made, or used to show 
compliance with any requirement for a medical certificate or 
an Authorization or SODA. 

§67.405 Medical examinations: Who may perform? 

(a) First-class. Any aviation medical examiner who is specifically 
designated for the purpose may perform examinations for the 
first-class medical certificate. 

(b) Second- and third-class. Any aviation medical examiner may per¬ 
form examinations for the second- or third-class medical certificate. 

[Doc. No. FAA-2007-27812, 73 FR 43066, July 24, 2008] 

§67.407 Delegation of authority. 

(a) The authority of the Administrator under 49 U.S.C. 44703 to 
issue or deny medical certificates is delegated to the Federal Air 
Surgeon to the extent necessary to — 

(1) Examine applicants for and holders of medical certificates to 
determine whether they meet applicable medical standards; and 

(2) Issue, renew, and deny medical certificates, and issue, renew, 
deny, and withdraw Authorizations for Special Issuance of a 
Medical Certificate and Statements of Demonstrated Ability to 
a person based upon meeting or failing to meet applicable med¬ 
ical standards. 

(b) Subject to limitations in this chapter, the delegated functions of 
the Federal Air Surgeon to examine applicants for and holders of 
medical certificates for compliance with applicable medical 
standards and to issue, renew, and deny medical certificates are 
also delegated to aviation medical examiners and to authorized 
representatives of the Federal Air Surgeon within the FAA. 
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(c) The authority of the Administrator under 49 U.S.C. 44702, to 
reconsider the action of an aviation medical examiner is dele¬ 
gated to the Federal Air Surgeon; the Manager, Aeromedical 
Certification Division; and each Regional Flight Surgeon. Where 
the person does not meet the standards of §§67.107(b)(3) and (c), 
67.109(b), 67.113(b) and (c), 67.207(b)(3) and (c), 67.209(b), 
67.213(b) and (c), 67.307(b)(3) and (c), 67.309(b), or 67.313(b) 
and (c), any action taken under this paragraph other than by the 
Federal Air Surgeon is subject to reconsideration by the Federal 
Air Surgeon. A certificate issued by an aviation medical examiner 
is considered to be affirmed as issued unless an FAA official 
named in this paragraph (authorized official) reverses that 
issuance within 60 days after the date of issuance. FHowever, if 
within 60 days after the date of issuance an authorized official 
requests the certificate holder to submit additional medical infor¬ 
mation, an authorized official may reverse the issuance within 
60 days after receipt of the requested information. 

(d) The authority of the Administrator under 49 U.S.C. 44709 to 
re-examine any civil airman to the extent necessary to determine 
an airman's qualification to continue to hold an airman medical 
certificate, is delegated to the Federal Air Surgeon and his or her 
authorized representatives within the FAA. 

§67.409 Denial of medical certificate. 

(a) Any person who is denied a medical certificate by an aviation 
medical examiner may, within 30 days after the date of the 
denial, apply in writing and in duplicate to the Federal Air 
Surgeon, Attention: Manager, Aeromedical Certification Division, 
AAM-300, Federal Aviation Administration, P.O. Box 26080, 
Oklahoma City, Oklahoma 73126, for reconsideration of that 
denial. If the person does not ask for reconsideration during the 
30-day period after the date of the denial, he or she is considered 
to have withdrawn the application for a medical certificate. 

(b) The denial of a medical certificate — 
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(1) By an aviation medical examiner is not a denial by the 
Administrator under 49 U.S.C. 44703. 

(2) By the Federal Air Surgeon is considered to be a denial by the 
Administrator under 49 U.S.C. 44703. 

(3) By the Manager, Aeromedical Certification Division, or a 
Regional Flight Surgeon is considered to be a denial by the 
Administrator under 49 U.S.C. 44703 except where the person 
does not meet the standards of §§67.107(b)(3) and (c), 67.109(b), 
or 67.113(b) and (c); 67.207(b)(3) and (c), 67.209(b), or 67.213(b) 
and (c); or 67.307(b)(3) and (c), 67.309(b), or 67.313(b) and (c). 

(c) Any action taken under §67.407(c) that wholly or partly reverses 
the issue of a medical certificate by an aviation medical examiner 
is the denial of a medical certificate under paragraph (b) of this 
section. 

(d) If the issue of a medical certificate is wholly or partly reversed by 
the Federal Air Surgeon; the Manager, Aeromedical Certification 
Division; or a Regional Flight Surgeon, the person holding that 
certificate shall surrender it, upon request of the FAA. 

§67.411 [Reserved] 

§67.413 Medical records. 

(a) Whenever the Administrator finds that additional medical informa¬ 
tion or history is necessary to determine whether you meet the 
medical standards required to hold a medical certificate, you must: 

(1) Furnish that information to the FAA; or 

(2) Authorize any clinic, hospital, physician, or other person to 
release to the FAA all available information or records con¬ 
cerning that history. 

(b) If you fail to provide the requested medical information or history 
or to authorize its release, the FAA may suspend, modify, or 
revoke your medical certificate or, in the case of an applicant, 
deny the application for a medical certificate. 

(c) If your medical certificate is suspended, modified, or revoked 
under paragraph (b) of this section, that suspension or modification 
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remains in effect until you provide the requested information, 
history, or authorization to the FAA and until the FAA determines 
that you meet the medical standards set forth in this part. 

[Doc. No. FAA-2007-27812, 73 FR 43066, July 24, 2008] 

§67.41 5 Return of medical certificate after suspension or revocation. 

The holder of any medical certificate issued under this part that is 
suspended or revoked shall, upon the Administrator's request, return 
it to the Administrator. 
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acute coronary syndrome, 295 
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angioplasty, 277, 278, 299, 302, 
304, 305 

angioplasty/PCI, 307 
angioplasty/stent, 294, 295, 310 
angioplasty/stenting, 300 
ankle brachial index (ABI), 393 
annuloplasty, 335 
anosmia, 484, 485 
anoxia, 86 

anticoagulation, 338, 339, 394, 395 

anxiety, 88, 140 

aortic aneurysm, 324, 382, 

389-391 

aortic dilatation, 320, 325 
aortic dissection, 324 
aortic insufficiency, 385, 390, 391 
aortic isthmus stenosis, 293 
aortic stenosis, 321, 322, 381, 385 
aortic valve, 320 
aortic valve insufficiency, 324 
aortic valve prolapse, 329 
aortic valve stenosis, 257 
aphonia, 489 

aptitude testing, 613-615, 620, 
625, 627, 629, 634 
arrhythmia, 207, 276, 299, 301, 
331, 377 

arterial hypertension, 382, 390, 

391 

arterial occlusive disease, 393 
ASD, 383 

asthenopia, 118, 127 
astigmatism, 123 
atherosclerosis, 178, 183, 

190-192, 195, 196, 256, 290, 
382, 390, 391, 393 
atherosclerotic vascular disease, 
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atmospheric air, 71, 112 
atrial fibrillation, 326, 327, 335 
atrial septal aneurysm, 378 
atrial septal defects, 378 
attention, 639-641, 643, 644, 650, 
653-655 

aura, 503, 541, 542, 544 
aviation medical assistance act, 
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614, 620, 625, 632, 633, 636 
aviation safety, 53, 54, 58, 59, 61, 
67 

awareness, 640, 649, 650, 655 

Barlow-syndrome, 327 
basal ganglia, 496, 521, 545 
basic regulation, 61, 62 
Bezold-Brucke-phenomenon, 128 
bicuspid aortic valve, 324, 381, 
382 

bicuspid valve, 320 
binocular vision, 119 
bioprosthesis, 335-337 
bleeding, 338 
blind zone, 125, 126 
blood pressure, 82, 87, 89, 99, 

106, 108, 109, 112, 137, 139, 
142,382 

body composition, 184 
body mass index (BMI), 177, 178, 
181 

Bohr effect, 77 
Boyle's law, 72, 102 
bradykinesia, 545 
brain concussion, 510 
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brain contusion, 510, 512 
break off phenomenon, 135 
Bruce protocol, 269, 271 
Bruce Stage, 267, 300 
bundle branch block, 279, 295 
Bunsen's absorption coefficient, 
99 

by-pass, 288, 294, 306-310, 312 
by-pass operation, 295, 303 

CABG surgery, 279 
cabin air, 668, 671, 676, 690, 
695, 696 

calcium index score, 290, 292 
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CAMI, 50 

carbondioxide, 73, 76, 78, 98 
carbonic anhydrase, 79 
carbonmonoxide, 77, 100, 101 
carboxyhemoglobin, 77, 100, 

101 

cardiac events, 298, 304 
cardiac insufficiency, 301, 382 
cardiac MRI, 287, 288 
cardiac output, 83, 100 
cardiac stroke volume, 98, 114 
cardiac valve disease, 319 
cardiomyopathy, 287, 295, 332 
cardiovascular disease, 173, 177, 
182, 190-192, 196, 197 
cataract, 111 
catecholamine, 85, 108 
cauda equina syndrome, 499 
cavernoma, 514, 524 
CDC, 669, 696, 700 
central auditory pathway, 458 
central nervous system, 85, 92, 
113 


cerebral aneurysms, 382 
cerebral ischemia, 378 
cerebrospinal fluid, 82, 83 
cerebrovascular diseases, 256 
cerebrovascular events, 380 
chest pain, 257, 258 
Cheyne-Stoke respiration, 101 
Chicago Convention, 33 
chromate aberration, 128 
ciliary muscle, 122 
circadian periodicity, 142 
circulation 

cerebral, 82, 88 
coronary, 83 

Civil Aeronautics Board, 43 
claudication, 393, 394, 498, 499 
coarctation of the aorta, 381 
color vision, 128 
common heart defects, 376 
communicable disease, 671, 691, 
698, 699 

complex heart defect, 378 
congenital heart disease, 295, 375 
consciousness, 80, 85-87, 96, 97, 
101, 109, 114, 140 
contour visualization, 119 
contrast 

gradual movement, 121 
simultaneous, 121 
successive, 121 
successive movement, 131 
Convention on International Civil 
Aviation, 33 

core temperature, 77, 139, 140, 
142 

coriolis illusion, 134 
coronary, 392-394 
coronary angiogram, 309 
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coronary angiography, 285, 286, 
292, 294, 297, 300, 301, 305, 
307 

coronary arteries, 291 
coronary arteriography, 278, 289, 
296, 302 

coronary artery by-pass graft 
surgery (CABG), 306, 307 
coronary artery disease (CAD), 

207, 255, 256, 274, 278, 279, 
285, 297, 308, 309, 312, 315, 
382, 390, 392, 393 
coronary artery stenosis, 288, 293 
coronary bypass grafting, 299 
coronary by-pass surgery, 276 
coronary insufficiency, 276 
cortisol, 85 

cosmic radiation, 151, 153-156, 
158, 160, 167 

crew resource management (CRM), 
616, 618-620, 636 
CT angiography, 292 
cyanosis, 88, 91 

cyanotic congenital heart defect, 
386 

Dalton's law, 73 
darkness, 127 

decompression illness, 677, 687 
decompression sickness, 73, 102, 
104 

deep vein thrombosis (DVT), 
394-396 

defibrillators, 288 
dehydration 

hypertonic, 140 
delusional disorder, 565, 571 
dental implant, 486 


depression, 562, 563, 573, 574, 
576, 579, 584 

depth perception, 119, 120, 147 
DES (drug eluting stents), 303 
desynchronization, 145 
diabetes, 390, 393 
diabetes mellitus, 173, 178, 
180-183, 191, 197 
diet optimal 

modified, 186 
dietary fat 

carbohydrates, 192, 195, 196 
cholesterol, 192-197 
disinsection, 671, 698 
disk herniation, 498, 499 
disorientation 

spatial, 133, 136, 137 
disparity, 120, 125 
dissection, 390 
diving 

flying after, 104 
DIWS, 50, 51 

dizziness, 88, 91, 100, 101, 103, 
114, 136 

Doppler echo, 324 

dose, 155-158, 160-162, 166 

DOT, 704 

double images, 120 
drug abuses, 146 

DVT, 671, 684, 685, 695-697, 705 

EASA, 53, 61-64, 66, 67 
ECAC, 668 
ECG, 259, 265, 279 
echocardiogram, 300 
echocardiography, 287, 322, 325 
economy class syndrome, 396 
EEMK, 667, 672, 674, 678 
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effective performance time, 96 
Ehlers-Danlos syndrome, 390 
ejection, 300 

ejection fraction, 279, 287, 298, 
302, 308, 333 
electrocardiography, 259 
Electron Beam Computed 
Tomography (EBCT), 289, 290 
electrophysiological studies, 387 
elevator illusion, 135 
emboli, 338 
embolic events, 331 
embolism, 335, 390, 391, 
394-397 

emergency oxygen, 673 
emergency psychology, 635, 636 
emmetropia, 122 
encephalitis, 539-541 
endocarditis, 332, 381 
endocarditis prophylaxis, 377 
epidemiology, 163 
epilepsy, 500-506, 511, 513 
essential requirements, 62 
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EURATOM, 151, 166 
Eustachian tube, 101, 138 
executive function, 639-641, 644, 
645, 651, 655 
exercise ECG, 300 
exhaustion, 84, 91, 140, 145 
eye movement, 118, 119, 
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eyestrain, 123 
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polyunsaturated, 194 
saturated, 193 
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feeling of detachment, 135 
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first-class medical, 45 
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flight crew licensing, 54, 61, 62 
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floppy valve syndrome, 327 
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galactic radiation, 154, 156 
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laws, 71 
glare, 127 

glucose metabolism, 82, 85 
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Haldane effect, 78 
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Hamburger shift, 79 
headache 

asthenopia, 118 
jet lag, 144, 145 
headedness, 136 
heart attack, 393, 394 
heart failure, 299 
heart insufficiency, 311 
heart murmur, 319, 377 
heart operation, 376 
heart rate, 87-90, 95, 108, 109, 
137, 139, 142 

heart rhythm disturbance, 380 
heart valve prostheses, 288 
heart valve surgery, 295 
heatstroke, 139 
hematoma epidural, 511 
hematoma subdural, 511, 547, 
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hemoglobine, 74-79, 85, 87, 88, 
92-95, 99-101 
Henry's law, 73, 74 
Hering-Breuer reflex, 80 
horopter, 120 
Hufner's number, 77 
human centrifuge, 113 
human error, 207 
human factors training, 616, 617, 
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hyperbaric chamber, 99 
hypercapnia, 80, 81 
hyperinsulinemia, 173, 181, 182, 
191, 197 

hyperlipacidemia, 173, 182, 192 
hyperlipoproteinemia, 173, 183, 
191-193 

hypermetropia, 122, 123 
hyperoxia, 99 


hypertension, 173, 178, 181-183, 
191 

pulmonary, 82, 88 
hyperthermia, 111, 139, 140 
hyperuricemia, 173, 183, 188, 191 
hyperventilation, 502, 505 

cerebral vasoconstriction, 81 
hypocapnia, 81, 88 
hypoglycemia, 85 
hypothalamus, 137, 141, 142 
hypothermia, 80, 139 
hypoventilation, 81-83, 93, 94 
hypoxemia, 677 
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hypoxia, 671, 676, 683, 685, 687, 
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euphoria, 88, 91 
histotoxic, 93, 95 
hypobaric hypoxic, 87, 88, 
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night vision, 88, 91, 132 
tolerance, 86, 96 

ICRP, 151, 162, 166 
illusion 
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elevator, 135 
somatogravic, 135 
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IMC (Instrumental meteorol. 

Conditions), 115 
implementing rules, 62-64 
infarct, 294, 297, 298, 302, 303, 
311, 315 

in-flight death, 670, 702 
in-flight illness, 669 
insomnia, 144 

intelligence, 647, 648, 653-655 
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International Civil Aviation 
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International Commission on Air 
Navigation (ICAN), 31-33 
international standard atmosphere, 
73, 75 

intervention, 280 
invert jet phenomenon, 135 
ionizing radiation, 152, 156, 157, 
159, 161-164 
ischemia, 86, 272 
ischemia cascade, 258 
ischemic heart disease, 207 

JAA, 53-58, 60-63, 66, 67 
Jacob-Stewart cycle, 79 
JAR-FCL 3, 54, 57, 58, 60, 63-66 
jet-lag, 145, 701, 702 

kinetosis, 474, 475, 477 

labyrinthine system, 133, 137 

language, 639-641, 644-647, 652 

late enhancement effect, 288 

latency of retina, 125 
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left bundle branch block, 274 

left heart insufficiency, 322 

legal instrument examiner, 50, 51 
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lower body obesity, 178, 179 
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Team - Medical), 55 
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macular organs, 133, 135 
magnetic resonance (MRCA), 293 
magnetic resonance imaging 
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magnetosphere, 153, 154 
malingering, 640, 649, 650 
mania, 562, 576 

Marfan's syndrome, 324, 389-391 
mechanical heart valves, 338 
mechanical valves, 337 
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690, 698, 700, 703 
medical emergencies, 667, 669, 
670, 672, 674, 678, 679 
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medical incidents, 668, 670, 671 
medical provisions, 33-37, 39 
medication, 309, 310 
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melatonin, 142, 146 
memory, 639-641, 644-647, 649, 
650, 653, 655 
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metabolic syndrome, 173, 176, 
180, 181-184, 191, 196, 197 
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Minimum Angle of Resolution 
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mitral insufficiency, 329, 332, 380, 
390, 391 

mitral stenosis, 326, 379 
mitral valve insufficiency, 331 
mitral valve prolapse, 327, 332, 
379 
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mitral valve reconstruction, 335 
modifast, 187 
modified fasts, 188 
mortality, 206 
motion sickness, 136, 137 
multi-slice CT (MSCT), 291, 309 
multi-tasking, 644, 645, 655, 

656 

muscle pump (venous flow), 108, 
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mutual recognition, 60, 62 
myocardial infarct, 275, 286 
myocardial infarction, 256, 257, 
279, 295, 299, 300, 301, 310 
myocardial scintigraphy, 282, 284, 
305 

myopia, 111, 125, 126 
myxomatous valve, 328 

nasal cavities, 101 
nausea, 100, 101, 114, 136, 137, 
145 

neoplasm, 502, 525, 526 
neurogenic, 498, 499, 530 
neuropathy, 499 
neuropsychological assessment, 
640, 641, 647-649, 652, 653 
neurosis, 560, 579 
neutrons, 154 
nicotine 

night vision, 132 
night 

myopia, 126 
presbyopia, 126 
vision, 88, 91, 92, 126, 132 
nitrogen monoxid, 83 
NOAA, 157 

noise induced hearing loss, 467 


nonius visual acuity, 119, 131 
non-technical skills, 617 
nystagmus 

optical, 130 
rotatory, 136 
vestibular, 130 

obesity 

android, 177-182, 187, 191, 
192 

gynoid, 178 
visceral, 177, 182 
obsessive disorders, 580 
OML, 207 
OSL, 207 

ostium primum defect, 380 
ostium secundum defect, 379 
oxygen 

saturation of hemoglobin, 75, 
76, 87, 93, 95 
partial pressure, 73, 75-77, 
80, 93, 95, 97, 99, 111 
transport, 74, 77, 94 
toxic effect, 99, 100 
oxygen concentrators, 673 

pacemaker, 279, 288 
paradoxical embolism, 378 
paraplegia, 529 

parasympathetic nervous system, 
79 

Part 67, 45 

passenger health, 667-669, 678, 
679, 696, 704-706 
patent ductus arteriosus, 381 
PCI, 300, 302, 304, 314 
PCI/CABG, 285 
peri-myocarditis, 293 
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peripheral arterial (occlusive) 
disease (PA(O)D), 256, 392 
personality, 612, 616, 617, 620, 
622, 624, 626-629, 633, 634 
personality disorders, 561, 562, 
569, 579, 580, 585-587, 589, 
639, 650, 651 
PET, 283, 288 
PFO, 383 
photophobia, 118 
positive pressure breathing, 95, 98, 
99 

Positron Emission Tomography 
(PET), 259, 286, 287 
post traumatic stress disorder, 583, 
584 

pregnancy, 688 
presbyopia, 122, 126 
pressure 

chamber, 104 
helmet, 99 

hydrostatic, 106, 108, 112 
proprioceptive system, 133 
prostacyclines, 194 
protein balance, 186-188 
protons, 154 
pseudoseizure, 507 
psychosis, 560, 562, 567, 569, 

579, 603 

psychotherapeutic treatment, 633, 
634 

psychotropic substances, 562, 563, 
565, 591 

pulmonary embolism, 394-396 
pulmonary hypertension, 379, 

395 

pulmonary stenosis, 379, 383, 

386 


pulmonary valve insufficiency, 

384, 386 

pulmonic stenosis, 381 

radiation exposure, 151-155, 
158-162, 165, 166 
radiation protection, 152, 160, 

166 

radiculopathy, 498, 499 

radiological protection, 151, 166 

rain, 116, 137 

recirculated air, 696 

recovery time of brain function, 86 

refraction of eye, 121 

refractive errors, 123 

renin-angiotensin mechanism, 108 

reserve time, 96 

respiratory 

rate, 80, 98, 99, 109, 142 
quotient, 81, 98 
restenosis, 277 
resuscitation, 86 
retinal periphery, 118, 125, 128 
revascularization, 277, 279, 285, 
286, 299, 302, 304, 306, 308 
review procedure, 59, 60, 64 
rhythm disturbances, 380 
right bundle branch block, 377 
rigidity, 515, 518, 545 
risk factors, 173, 174, 178, 183, 
190, 191, 196, 256, 268, 301, 
308 

saccadian movement, 119, 130 
SARS, 671, 692, 699, 700 
schizophrenia, 565, 567, 571, 585 
scintigraphy, 259, 276, 278, 285, 
286, 302, 309, 394 



826 


Index 


scintigraphy/stress 
echocardiography, 298 
scotoma, 103 
second-class medical, 45 
self rescue time, 96, 97 
sensorimotor function, 639, 641, 
646 

sensorimotor homunculus, 497 
separation from the reality, 135 
shift work, 142-144 
shock 

decompression, 103 
shunt, 376, 377 
sinus venosus defect, 380 
smoking, 177, 181, 198, 390, 393 
carbonmonoxide, 100, 101 
snow, 116, 137 
SODA, 47, 51 
solar activity, 156, 157 
solar cycle, 156, 157 
solar flares, 154, 157, 159, 162 
solar particle events (SPE), 157 
solar wind, 154, 156, 157 
somatoform disorders, 561, 579, 
580 

somatogravic illusion, 135 
somatogyric illusion, 134 
spatial orientation, 111, 129, 130, 
132, 133, 136, 137 
SPECT, 283 
spondylosis, 498, 499 
standard mortality rate (SMR) 165 
Standards and Recommended 
Practices (SARPs), 31, 33-37 
stenosis, 279, 307 
stent, 303, 304 

stress ECC, 255, 267, 268, 274, 
275, 278, 305, 309, 392, 394 


stress echocardiography, 276, 278, 
286, 302, 305, 309, 394 
stress management, 614, 617, 621, 
623, 630, 636 
stress test, 271, 288 
stress testing, 258, 268, 269, 271, 
274-278, 280, 283, 284, 286, 
290, 299, 305 
stroke, 393, 394 
subarachnoid hemorrhage, 511, 
513-515 

sudden cardiac death, 256, 330, 
331, 387, 393 
sudden cardiac events, 205 
sudden incapacitation, 205, 376 
suicidality, 601, 603 
sun, 153, 154, 156, 157 
supplemental oxygen, 668, 673, 
683, 685, 686, 690, 693 
sympathetic nervous system, 79 
syncope, 322, 331, 500, 507 

teamwork, 618, 626 
tetralogy of Fallot, 376, 383, 386 
thermogenesis, 184, 186, 187 
third-class medical, 45 
threshold levels, 95 
thrombosis, 394-397 
time of useful consciousness, 96 
time reserve, 96 
tinnitus, 103 

transposition of the great vessels, 
376 

trapped gas, 677 
travel medicine, 669 
traveler's thrombosis, 395, 396, 
668, 671, 697 
treadmill, 269, 280 
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treadmill test, 269, 271 
tremor, 538, 545 
tricuspid valve prolapse, 329 
Troxler's phenomenon, 129 
tuberculosis, 671, 691, 692, 696, 
700 

tumbling, 135 
tumors, 293 
twilight, 116, 127 
tympanic membrane, 102 

ultrasound, 389, 392 
unconsciousness, 91, 98, 100, 
101, 114, 136, 139 
upper body obesity, 178 

vagal activity, 109 
Valsalva's manoevre, 112, 453, 
481 

valve reconstruction, 331, 333 
valve replacement, 319 
valve surgery, 333 
valvuloplasty, 323, 335 
valvulotomy, 384 
vapor, 116, 137 
venous flow, 108 
ventilation control, 79 
ventricular fibrillation, 387 
ventricular septal defect, 377 
vergence motion, 123 
vertigo, 136 


vestibular organ, 129, 133 
vestibular system, 457, 470, 471 
VFR (visual flight rules), 115, 137 
vision of movement, 130 
visual acuity 
color, 117 
dynamic, 119, 130 
hypoxia, 88, 91 
localization, 119 
nonius, 119, 131 
point, 117, 131 
pupil, 124, 127 
resolution, 11 7 
separation, 117 
Visus, 118, 119 
vital capacity, 114, 115 
VMC (visual meteorological 
conditions), 115 

VSD, 383, 386 
VT, 387 

waiver, 37 

WBGT (wet bulb globe 
temperature), 141 
weight loss, 175, 183-189 

WHO, 668, 669, 682, 697-699 
WHR (waist-to-hip-ratio) 178, 179, 

181 

WPW, 279, 328 
Y-prosthesis, 392 



